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To HIS 


"TT Highnes 


THE 


O = 


: NG 4 N D, &c. 


SIR, 


OUR | Royal Highneſs's great Cou- | 
deſcenſim io ſubſcribe the Statues of | 
the Royal Society, as one of their 


F ellows, . commands Jome Tribute from every 
Member. 


The Epiſtle Dedicatory. _ 


Member. This, SIR, I humbly hope, will in 
ſome meaſure excuſe the Preſumption of laying 
theſe Papers at Your Royal Highneſs's Feet. 
| They have nnavoidably, in this Abridgment, 
1ſt much of their Original Beauty: But 
the Order wherein the Remaining Sub ſtance 
1 diſpoſed, will side Tour Royal High- 


neſs a nearer Projpett | of the Curſe of 
4 Studies you have the Goodneſs to _ 


tet. 


It was a Noble Deſign, worthy bf their 
Royal Founder, by Incorporating this So- 
| ciety, 0 perpetuate a Succeſſion of Uſeful 
Inventions : But the diſcouraging Neglect of 
_ the Great, the impetuous Contradiftion of the 
| Ignorant, and the Reproaches of the Unreaſo- 
nable, have unhappily retarded them in 
their 2 thoſe great Ends. To reſtore 
them therefore to their firfl Vigour, is a Glory | 
. or Your Rove. Highneſs ; 3 
— 


The Epiſtle. Dedicatory. | 


already, J IR, We feel the chear ful J nftuence 
of a returut ne Spring: 


The Commands Tour Royal Highneſs Jr 
given, for Publiſhing, at Your own Expence, | 
a moſt magnificent Uraniography, (Jar excced- 
ing that of all the Arabian Princes, the Noble 
Tycho Brahe, and the Induſtrious Hevelius) 
cannot fail of Jun pri ging Effects. All Art 
and Nature will exert their Powers upon this 
Occaſion, to tee pace with Aſtronomy ; par- 
ticularly Navigation (being under Tour Royal 
HFighneſs immediate Care) will induſtri- 
ouſly apply thoſe accurate Obſervations to all 
nautical Purpoſes, and by ſome familiar Me- 
thod deliver the anxious Seamen from the 
fatal Accidents that frequently attend their 

Miſtaken Long gitude. 


e 


This; Srx, f "the Munificence of the Prince, 
and the Vigilance of the Lord High Admiral, 


will 


The Epiſtle D Ec CAFOry. 


| will be equally a Bleſhng to the * and | 
to all F ulure *. 


May Nour Royal Highteſs ever mes toith- 


| Beneficence. So wiſhes, with great Since- 


May it pleaſe Your ROYAL HIOGHNEsõs, 
Your RoTAL Hicnngsss 
Moft Faithful, and 


Moft Obedient Servant, 


2 bn Loot bor 
Jon Lobi borp. 
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HE Philoſophical Tranſactions having met with 
general Applauſe and Encouragement for many 
Tears, it would be a needleſs Trouble to give 
any Hiſtory of them : Tis enough. to ſay, that many of 
the Diſcourſes were compos d, and all of them collected 
and publiſhed by particular Members of the Royal Society. 
1 ſhall therefore employ theſe very few Pages, only to 
acquaint the Reader with my own Conduct in this 
Abridgment of them. 4 | - 
When I firſt relolv d upon this Undertaking, I had two 
Sorts of Readers in view, whom [ was deſirous to ſerve ;| 
thoſe who make uſe of Books for their private WA 
or Entertainment, and thoſe who conſult them in order 
to publiſh ſomething of their own. To a Reader of the 
s former Claſs, I thought it ſufficient to grve him the Sub- 
* France of ſo many curious Papers, in ſuch Order as would 
| beſt ſuit with the Courle of thoſe Studies that might de- 
nominate him a general Scholar. But, for the Sake of 
the latter, I have, in the Margin, given the Title and 
Author of each Paper, and directed to the Number and 
Page of the Tranſactions or Collections, where he may 
meet with the Original itſelf. To the former, I delign'd 
this Abridgment to be as uſeful as the Volumes at large; 
and to ſerve the latter, inſtead of a not inconvenient 
Repertorium: And in the Proſecution of this Defign, 
T1 have generally confined myſelf to theſe Rules. | ; 


he PREFACE. 


lh . not only retain d the Eſential Parts of tþ 5 


Diſcourſes, hut I have kept in many Places to the very 
Words of their own Authors, (except where I was fred 
to vary them a little, to preſerve the Connection:) For, 
I thought it very unwarrantable to obtrude any thing of 
mine under the Name of another Perſon. 


II. But to ſhorten the whole Work, -mberever I found 


any Perſonal Addreſſes, long and unneceſſary Excurſions, 
or pompous Citations of Books, I have taken the Liberty 
to ſuppreſs them; yet, I hope, without i muring the Force 
of the Author's Reaſoning, 


III. I have omitted all Adonis 4 Extracts 0 I Books, | 


which now, after fo many Tears Publication, = almoſt 
uſeleſs : Vet, to put the Readers in mind of them, eſþe- 
_ erally ſuch as are about to furniſh or enlarge their Libra- 

ries, I have added a Catalogue at the End of each Chapter, 


to aphich they chiefly belong; and ] have alſo directed them 


to ſuob Additions, Emendations, or Refutations, as ought 
to be conſulted, when thoſe Books fall under their Exa- 


IV. I have 40% omitted all Heads of Inquiries and 


3 Wee ſimply propos d, without farther Proſecution; 


behevmg that the Anſwers already given to many of them, 5 


and other Diſcourſes upon the ſame, or the lite Subjects, 
awill ſufficiently direct the Notice of an Inquiſitive Reader. 


V. The previous Calculations of Eclipſes, Lunar Ap- 


pulſes, and Satellite Eclipſes and Occultations ; alſs Tide- 
Tables, and many othemwgurious Papers of that kind, have 
long ago out liu d the Reaſon of their Publication. 

VI. Al Simple Catalogues of Natural Curioſities (as of 
Shells, Minerals, Plants; Animals, Oc. without parti- 
cular Deſcriptions of them, are little inſtructive : and 


: ag oy; to enlarge the Hiſtory of the n where 


1 bh 3 they > 


The PRE FACE. 
tbey are depoſited: Which: is no Part of the Deſign of 
theſe Volumes. ay 

VII. I have commonly omitted ſuch Papers as have been: 
1 collected into juſt Volumes by. therr own Authors. For this 

9 Reaſon I have omitted ſome of thoſe ſurprixing Microſco- 

} pial Diſcoveries by the famous M. Leeuwenhoeck : But © 
I farther confeſs, I was alſo leſs inclind to inſert them 
here, becauſe moſt of them treat of Subjects not at all conve- 
ment (in my Opinion) for common Readers. 

VIIE But, to do all the Right I could to the ingenious 
Authors of thoſe Papers, which the Limits of this Abridg- 
ment obliged me to omit, I have, at the End of each 
Chapter, annexed” their Titles, and. ſometimes a ſhort 
Account of them. V 

1 heſe are the Rules J have carefully obſerved thro' tbe 
whole Conduct of this tedious Work: Wherein 1 have 
farthfully- arn'd at the General Good of all ſorts of Rea- 

ders; if I have faild in the Performance, tis for mant 
of Judgment to do it better: But I am bold to ſay, I Hat 

of a kind Reception of this ſball encourage a like Abridg- 

3 ment of the Foreign Philoſophical Journals, in the ſame 
wort a better Order, it will much facilitate the many Diſco- 
3 veries , ready to reward the Labours and Expences of all 
induftrious Promoters of Natural Knowledge, 


ADV ER- 


ADVERTISEMENT 


Of the BOOKSELLERS 
To this FOURTH EDITION. 


THE Philoſophical 7. ranſactions, ſince the Year 1700, having 
been abridg'd, and diſpos'd- under General Heads, (after the 
fame Method with this Work) by Mr. FONES, and by him pub- 


liſhed in Two-Volumes : We thought it would tend to make the 
whole complete, if the ſeveral Indices of the Five Volumes were 
joined together; by which means the Reader will have but one Trou- 


ble in ſeeking any Particular he has occaſion for. To this Purpoſe . 
we have taken care, that in the Contents, the ſeveral Tracts ſhould 


be inſerted and referr'd to under their proper Chapters; and that 


the Index is placed in Alphabetical Order. At the Head of each 


Index Directions are given for diſtinguiſhing the Matters occurring 
in theſe Three Volumes, from thoſe in the Continuation 


—_—— 
— —.— ——— —— = 


\ 


N. B. In the enſuing Contents, thoſe Tracts whoſe Titles are printed 


in Roman, and the Authors in the Italick Character, are to be found 
in the Continuation, ME 1 


This Leaf to go in the Room of the laſt Leaf in the Title of Vol. I. of 
Tout horpr. * N | 1 


Rs. 
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THE 


© N TE N T 8. 


VOL. I. and PAR T I. 


rer 


C H AP. I. 
Geometry, Arithmetick » Algebra, Logarithmotechny, 


I. x» N Lea of Mathematicks ; by 
Dr. J. Pell Pag. 1 
5 2. Conſt aer'd ; by Merſennus 


3. Anſwer'd; by Dr. Pell ip 
4. To the Sali faction of Merſennus 6 
5. The Approbation of Des Cartes 


ſtrated independently from the reſt ; 
by Mr. Aſh 
III. Some Properties of Conick Sections; 
buy Mr. 4e Moi vre 1 
IV. A way to ſquare certain kinds of 
Curves, or to reduce them to 1293 
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the Lord Viſcount Brounker 10 
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| ſius 21 
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2. By Mr. Craig 39 


III. 


| 
7 
IL Some of Euclid's Propaſitions demon- 


| 


ib.| VII. 1. The 


| 


X. 1. The Solid of leaſt Reſiſtance; by 
the ſame „ 


2. By Mr. Facio 40 
5 VI. 1. The Teſtudo Veliformis ade 
bilis Ænuigmatically propos d; byV. 6h 


2. Solved ; by Dr. Wallis is. 
3. The Propoſer s Solution demonſtra- 
. ; by Dr. D. Gregory 25 

Quadrature of the Parts of 

the Lunula, by Mr. J. Perks ; a little 


varied by Dr. J. Wallis 27 
2. Iinproved by Dr. Gregory 28 
3. By Mr. Caſwel | 29 
4. By Dr. Wallis . 


VIII. 7 he Dimenſion of Solids, generated 
by the Converſion of Hippocrates's 
Lunula; by M. Ab. de Moivre 29 
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| a 0 
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$. 1. Conſcribatur Conſiliarius Mathematicus (ita appellare libet) qui ad 
tres haſce Quæſtiones reſpondeat. 1. Qui, qualeſq; Fructus ex ſtudiis Ma- 
thematicis ſperandi? 2. Quænam aſſequendæ tam fructuoſæ ſcientiæ Auxilia 
jam extent? 3. Qui Ordo in utendis iſtis Adminiculis obſervandus? Itaque 
continebit, 8 , | ha | 5 
1. Facilem & perſpicuum diſcurſum, de limitibus ſeu ambitu Artium Ma- 
thematicarum, deque ingentibus utilitatibus, primo ad ipſarum ſtudioſos, tum 
ad gentem complurium in 11s peritorum feracem inde redundaturis. | ; 
2. Catalogum Mathematicorum, & ab iis editorum Operum, qui exhi= | 
beat, 1. Synopfin omnis generis Librorum Mathematicorum, vel jam Publi- 
catorum, vel Manuſcriptorum in publicis Bibliothecis deliteſcentium, pecu- 
liaribus cuivis Genert numeris appoſitis. 2. Catalogum Chronologicum 
omnium Mathematicorum celebrium, ſecundum ordinem Annorum quibus 
ſinguli vixere, additis ubique annis, quibus Opera ipſorum primo excula fu- 
ere. 3. Catalogum ipſorummet Operum, ſecundum ordinem Annorum, 
quibus ulla Lingua impreſſa fuere: In quo concinnando ita procederem, ut, 
notato Anno Domini, ſubjungerem, more uſitatorum Catalogorum, Nomina 
omnia Mathematicorum Librorum in ulla Gente aut Lingua iſto Anno edi- 
torum, 1. Iudicando tamen in ſingulis, rationem Voluminis, hoc eſt, non 
tantum magnitudinem paginarum (e. g. 470. 8 vo. Fc.) fed earundem ſum- 
mam, ut moles totius Operis fic facile cuivis pateat. 2. Ante ipſummet 
Titulum exprimendo Annum, ad quem retroſpicere oporteat cogniturum 
* quando opus conſcriptum, quando hac illave Lingua ultimo editum fuerit. 
3. Notando in Margine poſt Titulum, 1. Annum quo opus aliquod proxime |. 
Tyuypis exſcriptum fit. 2. Numerum, qui remittat E e ad Synopfin | 
prima ſtatim Catalogi pagina delineatam. Quorum Numerorum beneficio Þ| 
quilibet è veſtigio omnes unius argumenti libros Mathematicos percurrere 
quent. © 5 . 
3. Conſilium, inſtruens ſtudioſum, de optimis in quolibet genere libris; 
quo ordine & quomodo legendi, quid obſervandum, quid evitandum in le- 
ctione quorundam Mathematicaſtrorum, quomodo procedendum; omniaque 
memoria tenenda. | e 355 
4. Paræneſin, Primo ad omnes, opibus, otio, & ingenio horum Studio- 
rum capaci inſtructos, ut, 1. Cum ingentium commodorum ad ipſummet 3 
eorum ſtudioſum & ad univerſum humanum genus inde redeuntium; 2. Tum 
etiam defæcatæ illius voluptatis, quæ ex ſcrutinio abſtruſarum. Veritatum, 
hacta cum diffivilibus Problematibus, & eorundem victoria emergit, reſpectu, 
rio ad ea excolenda incumbant; tanto quidem magis, quo, 3. Expeditiora 
adminicula reperta ſunt, quæ laborem, tempus, ſumptus, majoribus noſtris 
impendenda, nobis compendifaciant. Deinde ad omnes, tum judicio ad æſti- 
mandum horum ſtudicrum pretium, tum & opibus (æternæ noſtri memoriæ, 
ſi in prudentes ſui diſpenſatores inciderint, promicondis) pollentes, ũt majori 
| curæ fibi eſſe patiantur hoc ſtudioſorum genus, ampliſque propoſitis præmiis 
lectiſſimos eorum ſeponant perficiendis inventis, ad quæ ipſo genio ſuo ducun- 
tur. Denique ad omnes Principes & Reſpublicas, qui majus ditionibus ſuis 
15 orna- 
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ornamentum vix conſiliaverint, quam operam dando, 1. Ut harum Artium 
peritis abundent. 2. Via ad eas minus laborioſa ſumptuoſaqz reddatur. 3. Ipſaq; 
adeo Ingenia Mathematica magis innoteſcant, ſcq; dignis auxiliis gaudcant. 


In quem finem utiliſſimum fuerit, ut, 

$. 2. Conſtituatur Publica Bibliotheca, quæ & omnes ſupradictos Libros, & 
unum Inſtrumentorum unquam inventorum contineat, & præterea reditibus ſuf- 
ficientibus inſtructa fir, 1. Ad coemenda ſingulorum librorum Mathcmatico- 
rum, que quotannis alibi locorum foras dantur, exemplaria. 2. Ad ſuſtentan- 
dum Bibliothecarium : Cui incumbart, ; 

1. Perlegere omnes hujus Claſſis libros in Regione iſthac publico commit- 
tendos, 1. Suppreſſis quæ ab artis regulis exorbitant, ne Scriptorum errores 
Lectoribus fraudi ſint. 2. Monereq ; Scriptores, ſi vetera & jam dicta tantum 
reponant. en, = 

2. Sub periculo exiſtimationis ſuæ approbare inventa inſignia, & ſincere 
commendare Inventores Mecznatibus. LW 

3. Recipere, in Catalogum referre, & per Repoſitoria diſponere unum ita 
perlectorum librorum exemplar, donandum Bibliothecæ bene compactum, Au- 
thoris aut Bibliopolæ ſumptibus. 


4. Promptum Reſponſum præbere cuivis ſtudioſo, circa Problema aliquod in- 
quirenti, an ſolutum fuerit nec ne, ni illi neceſſe ſit actum agere, aut contra 
inventa ſua ſupprimere, metu, ne antiqua jam ſint, & forſan in aliquo Libro- 
rum Bibliothecæ jam elaborata. % ů 

5. Recipere, c. omnia Manuſcripta, vel donatione, aut legato Bibliothecæ 
obvenientia. 8 5 

6. Diligens cum ſui generis hominibus, extra patriam ſuam agentibus, Li- 
terarum commercium exercere, ne ipſum fugiat, quidnam ibi locorum prelo 
paratum ſit. „5 | | 

7. Obſervare in Conterraneis ſuis, qui docendis hiſce artibus apti ſfint. 

8. In numerato ſemper habere Artifices omnes conficiendorum Inftrumen- 
torum Mathematicorum & Repræſentationum, adeoque Operationum in Ligno, 
Magnete, Metallis, Vitro, Cc. peritos. | 1 


9. Poſt legitimum Examen, omnis generis practicis, e. g. Gubernatioribus 


Navium, Gæodetis, Logiſtis, c. Speculativæ Peritiæ & Practicæ Dexteri- 


tatis teſtimonium præbere, ne poſthac, quibus hoc homi num genere opus, im- 
periti magno ipſorum damno imponant. 

Catalogus docuerit, in tanta multitudine librorum, mundum tantum non 
obruentium, quinum ad hanc tantum ſtudiorum partem pertineant. Biblio- 
theca & ipſorummet Librorum copiam faciet, & ſimul cognoſcendi ubi loco- 
rum excmplaria plura venalia ſint: Prætereaq; promptuarii inſtar crit exteris 
& indigenis, unde extemplo diſcant, quænam ad hæc ſtudia adminicula Regio 
iſta ſit ſuppeditatura. 85 1 

Atque hæc meo judicio expeditiſſima Methodus eſt utendi illis auxiliis, qui- 
bus jam potimur. Si ampliora deſiderentur, conveniens fuerit, ut peritor 
Artificum opera, . 


(4) . 


$. 3. Conficiantur & publicentur tres hi novi Tractatus, 

1. Pandectæ Mathematicæ, complectentes, quam fieri poteſt, perſpicue, 
methodice, compendioſe, & ingenue, quæcunque ex Mathematicis libris & in- 
ventis, quæ ante nos fuere, colligi aut veluti conſectaria inde deduci potuere, 
citatis ſub finem cujuſque periodi aut propoſitionis, authoribus, in quibus ea 
reperitur antiquiſſimis, ſequentibuſque adeo omnibus nota inuſta, ubi vel in 
furto deprehenſi fuerint, vel mutuati eſſe, ſuppreſſo unde ſumpſerint, aut (quod 


eſſimum omnium) aliorum inventa audacter ſibi arrogaſſe. Hoc pacto magna 


illa Bibliotheca in multo anguſtius ſpatium contraheretur, majori omnibus 
poſtfuturis laboris, temporis & ſumptuum compendio, quam impræſentiarum 


uis imaginetur. Sed cum & hoc opus portatu nimis amplum futurum ſit; 


laboretur preterea, | 8 

2. Comes Mathematicus, libro munuali (adeoque quam licet brev iſſime) 
continens utiliſſimas 'Tabglas una cum præceptis de uſu ipſarum in Problema- 
tibus ſolvendis, ſeu pure Mathematicis, ſeu ad diverſas materias, prout res 
requiſierit, applicatis. | | | | | 

Et denique, ne in hoc quoque Eruditionis genere libris amplius aſtricti ſimus * 
Excogitetur, 


3. Mathematicus aum{guns ſeu Inſtructio quomodo quilibet Mathematicus, 
laborem non exhorrens, eam peritiam adipiſci poſſit, ut fine ulla Librorum aut 


Inſtrumentorum ope, cujuſvis tamen Problematis Mathematici reſolutio æque 
facilis ipſi fit, ac alteri ſola librorum Volutatione niæko. 

Arque hæc eſt Idea illa Matheſeos, quam, more meo, diu abhinc mihi 
effinxi, firmiter ſemper perſuaſus, tum demum feliciter magnis rebus vires 
intendi, ubi exactam prius earundem Ideam, ejuſque aſſequendæ media quam 


maxime appoſita animus conceperit: Quam ſi exprimere re ipſa non detur, 


multum tamen eſſe ab ea quam proxime abfuiſſe. Hancce meam equidem 


adeo non ſupra vires humanas arbitror, ut vel viri unius, rei domeſticæ alio- 
rumve negotiorum curis non diſtracti, diligentiam parem ei putem. Biblio- 


thecam enim & Catalogum nummis præſentibus facile parari poſſe, quis non 


videt? Et ſi mihi Pandectarum contexendarum (quales ſupra deſcripſi) Pro- 


vincia demandaretur, longe duriores Leges, quam quas ibidem enumeravi, 
mihi impoſiturus forem. Delinearem, primo omnium, infallibilem Rationis 


humanæ in indagando, quodcunque objicitur, proceſſum, oſtenſo quomodo 
à primis principiis ſeu elementis, nunquam interrupta Serie, ad ſublimiſſimas 
juxta & abjectiſſimas eorum applicationes conſcendendum fit. Qua arte forſan 
haud diu carerent homines, fi in poſterum ſollicite veſtigarent, quanam rat ione 
illis quos mirantur tales obortæ eſſent cogitationes, quomodo tali fini, tam 
8 media reperta fuiſſent. Pandectas in Enchiridion, quotidianis uſibus 
opportunum, conſtringendi ratio forſan haud plures fugerit: At ita mentibus 
ſuis eas inſcribendi, ut ne Libris quidem amplius opus habeant (quod Mathe- 
maticus noſter avrzgzns flagitat) vires ingenii - humani tranſcendere pleriſque 
haud dubie videbitur, cum nemo hucuſque, qu6d ſciam, tale quid vel animo 
concipere auſus fuerit. Nihilominus tamen remittent aliquid, credo, de in- 
credulitate ſua homines, poſtquam quæ roborandæ imaginationi, juvandæ 
3 memoriæ, 
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memoriæ, dirigendz rationi artes excogitari, quam miri effectus conjuncti- 


one & jugi exercitio earum produci queant, paulo attentius ſecum conſidera- 
verint. ve | 


2. Conſultius omnino mihi videtur ac præſtantius, ſi loco tanti apparatus 
quem Author Ideæ proponit de colligendis variis Mathematicorum ſoriptis, 
optimi ſolummodo & digniores ſeligerentur; Adductis primum Authoribus illis 
Antiquis quorum libri adhuc ſuperſunt, veluti Euclide, Appollonio, Archimede, 
Theodoſio, Pappo, Ptolemæo, cum reliquis ipſorum Fragmentis & Manu— 
ſcriptis quæ nondum viderunt lucem, ac quorum aliqua penes Golium Lug- 
duni Batavorum, quædam vero Romæ aſſervantur. Ipſis deinde recentiores 


poſſent adjungi, veluti Vieta, Clavius, & noſter Herigonius. Similiter inter 


Opticos, quis ſeligeret Vitellionem, Keplerum, Aquilonium, & Dom. de Vil- 
les. Inter Arithmericos poſt Diophantum, eminent Cardanus, Tartaglea & 
Veſter Nepperus. Pro Triangulis Sphæricis & Supputatione per Logarithmos, 
extant Briggius, Gordanus, Pitiſcus, Snellius, & noſter Morinus. Pro Aſtro- 
nomicis, poſt Ptolemæum & aliquot Arabes, conducerent omnes illi qui Ta- 


Conſider 4, Of, 
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bulas compoſuerunt, ſicut Alphonſus, Johannes Regiomontanus, Keplerus, & 


noſter Duretus. Et ut paucis dicam, pro Fortificatoriis & Muſicis octo vel 


decem Authores excerpendi eſſent, illi ſcilicet qui meliori inclaruere Praxi. 
Similiter pro Rebus Mechanicis, Viribus Motuum, Machinis, & Ductibus 
Aquarum, ita ut enucleatis decem vel duodecim Authoribus, deſiderium ſuum 
explere poſſer harum rerum cupidus. Et ſi duodecim Viri Intelligentes & 
Amici cordate in ſe ſuſciperent hoc negotium, ut quilibet unico Volumine 
convenienti & perſpicuo compingeret aliquam Scientiam, additis illis quæ de- 
ſunt in reliquis Authoribus, & ſublatis non neceſſariis, abſque dubio haberemus 


breviter & nervoſe, in duodecim Voluminibus, totum id quod hac in re à quo- 
quam poſſet expeti. Et mea quidem opinione, quicquid ſpectat ad Matheſin, 
tam Puram quam Mixtam, poterit comprehendi duodecim illis Voluminibus. 


Sic omnem elegantiorem Philoſophiam tribus, & omnes Artes Liberales & Me- 
chanicas etiam Tribus Libris exponere liceret: Ideoque levi pretio ad Erudi- 
tionem quis poſſet pertingere. Quod autem Mathematica illa Inſtrumenta at- 
tinet, parum certe prodeſſet apparatus omnium illorum qua hactenus inventa 
fuere. Præ ſtaret habere quatuor vel quinque, quæ nimirum optima ſunt in eo 
genere, & magis commoda præ reliquis judicantur. 


3. Tibi 0 Vir Claridime) fi mentem tuam recte aſſequor, Omnia proban- 


tur, niſi quod majorem Apparatum, quam opus ſit, a me deſideratum cenſes: 


Selectiora tantum, non ut nos, Omnia Volumina atque Inſtrumenta Mathe- 
matica, colligi ſuades. Quod conſilium tuum neque go improbarem, ſi & 
omnium calculo definitum eſſet quinam in tanta Scriptorum Jurba reliquis 
omnibus Palmam præriperent, & id tantum à me ſpectaretur ut aliquid Laboris, 
Sumptuumque Compendium harum Artium ſtudioſis ſuppeditaretur. Nunc 
cum totius Matheſeos Perfectiſſimam Inſtaurationem optem, non aliud Conſi— 
lium à me proficiſci debet, quam quod tali ſcopo per omnia quadret. Hujus 
Conſilii fundamentum in univerſali ejuſmodi Bibliotheca haud immerito collo- 

care 
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(6) 
care mihi videor. Non audeo quenquam ſpernere, ſymbolum ſuum quocungz 


modo huc conferentem, multo miuus condemnare inauditum. Et fi meo ju- 
dicio locus fit, vel Ineptiſſimum five Scriptum five Initrumentum Mathemarti- 


cum dignum eſſe puto, cujus unum Exemplar, vel propter Errores, in amplæ 
cujuſcunque regionis loco certo & patente, ſervetur. Videmus enim non pauca 
ingenioſe inventa in ſuperiorum ſeculorum rudioribus Inſtrumentis, etiam nunc 
non obſervatu tantum digna, ſed & Imitatione; quemadmodum etiam Imperiti 


Scriptores non paucas optimas egregiorum inventorum epogues ſagacioribus 
ingeniis præbuere; digitum enim intendere poſſumus, quo pervenire non poſ- 


ſumus. Videmus quamplurima Lemmata rectiſſime demonſtrata ab hujuſ- 
modi Scriptoribus, & tamen propter unum Pſeudographema inter fundamenta 
collocatum, quicquid ſuperſtruxerant corruiſſe. Quod ſi non ſolum falſitate, 


ſed etiam verboſitate, ſtribligine, &c. offenſus multos rejiciendos putas, cogita 
quam varium & multiplex {it hominum Palatum, neque omnes ex tui ingenii 


perſpicacitate judica. Sunt enim nonnulli qui nihil intelligunt niſi idem (& 


fere iiſdem verbis) dictum fit centies; his credamus ν]τνοοονν,ν,,q iftas accom- 


modatas eſſe. Et quoniam à Notioribus omnino incipiendum eſt, eadem vero 


non ſunt omnibus notiora, à diverſiſſimis initiis progrediuntur, ut vix repe- 


rias Diſcentis Ingenium, cujus Tyrocinio non ſit jamdudum accommodatum 
RNudius aliquod Scriptum vel Inſtrumentum, quod neſcire nullo modo debet, 


qui ſe Conſiliarium Mathematicum profitetur. Itaque Librorum iſta Per- 
fectior Collectio ſane neceſſaria mihi videtur. | „ 
Quo minus vero nobis placent iſti Mathematicaſtri, eo magis fuerit, cur 
Bibliothecam hujuſmodi optemus, quippe quæ ſola infinitam iſtam hoc in ge- 
nere ſcriptitandi pruriginem facile coercuerit. Balbutientes enim iſti Magi- 
ſtelli, qui Tyrocinia & Juventutis captum crepantes, nuſquam non pueriliter 


ineptiunt, videbunt ſat ſuperque eſſe hujus farinæ Elementarium jam pridem 


Compilatorum. Qui vero infinitis inventis Matheſin augere ſed fruſtra cu- 
piunt incautiores, tot xsroNEwy mgghte publice damnata, atque ludibrio om- 


nium expoſita videntes, malo cavebunt fi ſapiunt. Plagiarii vero, publico 


odio digniſſimi, non audebunt poſthac veteres aliquos Libellos ſemel forſan 
typis impreſſos, aut aliquas tantum eorum particulas, pro ſuis extrudere. Quin 
etiam illi, quibus alioqui nec Candor nec Ingenium deeſſet, ad cogitata ſua 
ſatis commode proferenda, quia tamen tam multos in ſingulis materiis ſe præ- 
ceſſiſſe videbunt, ſatis monebuntur, ne alia in publicum edant, quam prioribus 
indicta: Qualia quæ ſint, ex inſpecta ampla ejuſmodi Bibliotheca, vel ſi hunc 


laborem gravantur, ex ipſomet, quem ei aſſigno Bibliothecario, facile cog- 
noſcent. Atque hæ fere rationes ſunt, quæ conſilii iſtius de tam univerſali 


Bibliotheca pœnitere me adhuc non ſinunt. 


4. Statim atque tus Literas perlegi (Vir Eruditiſſime) non ſolum totus 


fui tuus, tuæque ſubſcripſi ſententiæ, quam mihi egregie probatam teſtor; 


ſed & inſolitus Ardor Animi me propemodum abſtulit, nempe ut tuum illud 
opus quantumvis arduum Orbis Magnatibus proponendum curarem, ſi liber 
ad cos foret Aditus. Sed quis Regum incipiet? Hoc enim Opus Regium 
auſim appellare. 


5. Ideam 


n 
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| | 1 | 
7. Ideam Mathematicam non niſi obiter inſpexi, jamq; tantum memini ni- De Jh 
hil me in illa reperiſſe a quo multum diſſentirem, & valde probaſſe quod primo _ ee f 
loco omnis ſupellex Mathe m tica ibi enumeretur, & poſtea ipſe Mathematicus Nis. 
tanquam eimgxus ex ſeipſo contentus deſcribatur. In eundem enim fere 1d. p. 144. 


1 ſenſum duo ſoleo in Matheſi diſtinguere, Hiſtoriam ſcilicet & Scientiam: 
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Per Hiſtoriam intelligo illud omne quod jam inventum eſt, atque in libris 
continetur: Per Scientiam vero, Peritiam Quæſtiones omnes reſolvendi, at- 
que ideo inveniendi propria induſtria illud omne quod ab humano ingenio in 
ea Scientia poteſt inveniri, quam qui habet, non ſane multum aliena de ſide- 
rat, atque adeo valde proprie wmzguns appellatur. Valde autem optandum 
foret, ut illa Hiſtoria Mathematica, quæ in multis Voluminibus ſparſa, non- 
dum integra & perfecta eſt, in unum Librum tota colligeretur: Neque ad 
hoc ulli ſumptus in perquirendis aut coemendis libris eſſent faciendi: Cum 

| enim Authores alii ex aliis multa exſcripſerint, nihil ullibi extat, quod non 
in quavis mediocriter inſtructa Bibliotheca alicubi reperiatur; nec tam dili- 
gentia opus eſſet ad omnia colligenda, quam judicio ad ſuperflua rejicienda, 
& Scientia ad ea quæ nondum inventa ſunt ſupplenda. Arqui fi talis Liber 
extaret, facile ex eo unuſquiſque omnem Hiſtoriam Mathematicam, atque 
etiam aliquam partem Scientiæ addiſceret. Si quis autem omnia quæ ad eſus . 
Praxin pertinent, habere vellet, ut inſtrumenta, Machinas, Automata, Fe. 
nz ille > Rex eſſet, orbis Terrarum impenſts omnibus ad hoc neceſſariis ſuf 
ficere nunquam poſſet. Neque vere etiam illis opus habet, ſed ſatis eſt fi om-- 


nium norit deſcriptionem, adeo ut ea, cum uſus exiget, vel ipſe facere, vel per 
Artifices fieri curare poſſit. 
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II. HE Propoſitions which I ſhall endeavour to demonſtrate independently e Fuelid: 
from all others, ſhall be theſe; the 32d and 47th of the Firſt Book Su e ty 
moſt of the Second and Fifth Books; the 11t and 16th of the Sixth; with their pendently from 
Corollaries. In order todemonſtrate the 32d; I ſuppoſe it known what is meant _ 75 * 
by an Angle, Triangle, Circle, External Angle, Parallels, and that the Mea- N. 162. f. 672. 
ſure of an Angle is the Arch of a Circle intercepted between its Sides; that 32. 1. E. 
a Right Angle is meaſur'd by a Quadrant, and two Right Angles by a Semi- | 
circle. I fay then, that in the Triangle AB C, the External Angle BCE F. 1. 
is equal to the two oppoſite Internal ones ABC, BAC; for let a Circle 
be drawn, C being the Center, and B C the Radius; and let C D be drawn 
parallel to AB, thoſe two Lines being always equidiſtant, will both have the 
ſame Inclination to any third Line falling upon them; that is, (by the Defi- 
nition of Angle) they will make Equal Angles with it: For if any Part of: 
CD (for Initance ) did incline more to B C than to A B, upon that very 
Account they would not be parallel; it follows therefore that the Angles 
ABC, BCD, are equal: Allo BAC=DCE, becauſe AF falls upon 
two Parallels; but the External Angle BCE BC DHT DC FE, which 
was before prov'd to be equal to ABC, BAC. 9, E D. Henct may be 
inferr'd as a Corollary, That the three Angles of every Triangle are equal 
to two Right ones; for the Angles ACB + BCE, are mcaiur'd by a 
5 Semi- 


(8) 


Semicircle, and therefore equal to two Right Angles: Corollaries alſo from 


20,22, 31. 3. E. hence are the 2oth, 22d, and ziſt of the Third Book, which contain the 


47. 1.F, 


Fig. . : 


Fzg. 3. | 


Po nog of Circles; whoſe Deduction from hence is moſt natural and 
obvious. 

In order to demonſtrate the 47th, I ſuppoſe the Meaning of the Terms 
made ule of, ro be known; and that two Angles or Superficies are equal, 
when one being put on the other, it neither exceeds, nor is exceeded. This 
being allow'd, I ſay, the Sides about the Right Angle are either equal or 
unequal; if equal, let all the Squares be deſcrib'd; the whole Figure exceeds 
the Square of the Hypotenuſe BC, by the two Triangles M, V, and exceeds 
alſo the Squares of the other two Sides, AB, A C, by the two Triangles, 


ABC, and 8; which Exceſſes are equal, for M is equal to A B C, the two 


Sides about the Right Angle, being two Sides of a Square upon A B, by Sup- 
poſition equal to AC, and the third Side equal to BC; therefore the whole 
Triangles are equal. After the ſame manner, S and V are proved to be 


equal; therefore the Square of CB is equal to the Squares of the two other . 


Sides. ©. E. D. | i | 

Burt if the Sides be unequal, let the Squares be deſcribed, and the Paral- 
lelogram L Q compleated; the whole Figure exceeds the Square upon B C, 
by three Triangles, X, R, Z, and exceeds alſo the Square L A, 4 D, by 


the Triangle ABC, and the Parallelogram PQ: Which Exceſſes, I tay, are 


equal; for Z. is equal to ABC, the Side OC = BC, CD = AC, the 


fore by Superimpoſition the whole Triangles are equal. In like manner X _ 
is proved equal to ABC, alſo R; and the Parallelogram PQ to be double 


35, 36. 3. E. 
125 13. 2. E. 


I, 25 &c. 2 E. 


Fig. 4. 


4. 2. E. 
Fg. bs 


10. 2. E. 


; | Fig. 6. 


Angle D == A, and OCD =B CA; which is manifeſt, by taking the 
common Angle A CO, out of the two Right Angles BCO, A CD; there- 


of the Triangle ABC: Thus the Exceſſes being proved equal, the Remain- 


ders alſo will be equal; viz. the Square of BC to the Square of AB, AC. 


Q. E. D. Manifeſt Corollaries from hence are the 35th and 36th of the Third 
Book; alſo the 12th and 13th of the Second. 


The firſt Ten Propoſitions of the Second Book are evidently demonſtrated, 


only by ſubſtituting Species or Letters inſtead of Lines, and multiplying 
them according to the Tenor of the Propoſition : Thus, to inſtance in one or 
two, Call the whole Line A, and its Parts B and C, therefore A =B + ©, 


and conſequently AA = BB + CC +2BC, which is the very Senſe of 
the Fourth of the Second Book. Thus alſo, Let a Line be cut into equal Parts 


F, F, and let another Line, S, be added thereto; 'tis manifeſt, that 4 FF 
+4SF+2SS=2FF+2zFF+2SS+45SF; which is the Tenth Propo- 
ſition of the ſame Book. TS e 
Almoſt the whole Doctrine of Proportionals, viz. Permutation, Inverſion, 
Converſion, Compoſition, Diviſion of Ratio's, and Proportion ex æguo; and 


conſequently the moſt uſeful Propoſitions of the Fh Book, are clearly demon- 


ſtrated by one Definition, and that is of Similar or Like Parts, which are 


ſaid to be ſuch as are after the ſame manner, or equally contain'd in their 


Wholes: Thus the Antecedents A and C, are either equal to their Conſe- 
quents, or greater, or leſs; if equal, the thing is manifeſt ; if leſs, _ 


5 #7 „ 
, mY 
* Y 
Ys: 
2 Ny 
4 2 4 
* 


(9) 

y the Definition of Proportionals) A and C are Like Parts of B and E; 
therefore what Proportions the whole, B and E, have to one another, the ſame 
will A and C have; which is Permutation: Likewiſe E:C::B: A, which is 
Inverſion. So alſo if from Proportionals you take Like Parts, the Remainders 
will be proportional; whence Converſion and Diviſion are demonſtrated : And 
if to Proportionals you add Like Parts, the W holes will ſtill be proportional; 
which is Compoſition, &c. If the Antecedents be greater than the Conle- 
quents, the Conſequents will be Like Parts of them, and the Demonſtration 
exactly the ſame with the former. | | 

The Firſt of the Sixth Book is prov'd, by conſidering the Generations of 
the Parallelograms, which are produced by drawing or multiplying the Per- 
pendicular upon the Baſis; that is, taking it fo often as there be Parts 
and Diviſions in the Baſe : Therefore the ſame Proportion that R X ſingle, 
hath to N ſingle, the ſame hath RX multiplied by XZ, that is, repeated 
a certain number of times, to NX multiplied by XZ, that is, repeated the 
fame Number of times; which is as much as to ſay, RX: NX :: Paral. 


RZ: Paral. NZ. Now that this Propoſition is alſo true in Oblique-angled 


Parallelograms, is proved, becauſe they are equal to the Rectangled ones up- 
on the ſame Baſis, and between the ſame Parallels, as does thus independently 
appear; the Triangles RQX, and MPZ, are equal; for RX MZ, QX 
PZ, RM = Q; therefore adding to both MQ, RQ = MP, if there- 
fore from theſe equal Triangles you take what is Common, viz. MLQ , the 
Remainders will be equal, RXL M=QLZP; to both which add XLZ, 
and the whole Parallelograms will be equal, RZ. QZ. Q, E. D. That 
Triangles alſo having a common Baſis, are in the Proportion of their Alti- 
tndes, does hence follow; becauſe they are the Halves of Parallelograms upon 
the ſame Baſis. . This alſo is true, and the Demonſtration exactly the ſame, in 
Priſms, Pyramids, Cylinders, and Cones, having the ſame Baſis, 

To prove the 16th of the Sixth, J ſuppoſe the 4 Lines, A, B, C, E, to be 
proportional, that is, granting A and C to. be the leſſer Terms, the ſame 
way that A is contained in B, ſo is C in E; and that D is the Denominator 
of the Ratio; 'twill follow then, that B is made up of A, multiplied by D, 
and E of C, multiplied by D; fo that AD=B, and CD E; draw there- 
fore the Extremes upon one another, that is, A upon CD, and the Means, 


that is, C upon AD; the Factors being the ſame, I ſay, the Products ACD, 


and C AP, are the ſame, and conſequently equal. Q E. D. 


The Problem compos'd by M. Comier, (with Oſtentation enough) as if 
it contain'd ſomething New, tho' in reality it be nothing but the Old Bu- 
ſineſs of doubling the Cube, a little diſguis'd, is eaſily ſolved Algebraically, 
as follows, 8 1 = 


Vor. I. 3 8.6. E. 


I. 6. E. 


Fig. 7. 


Fzg. 7+ 


16. 6. E. 
Fig. 6. 


(10) 


LY | | - 
| | a 
4 7 a4 4 


2x by aa 3] ＋ 2455 = 4x* 29 
| 


a3 = 2 z that is, The Cube upon * is i half the Cube 
| upon 4. | 


The Squaring III. Let AB be one Aſymptote of the Hyperbola EC; and let A E, 


en 


EY and B C, be parallel to the other: Let alſo A E be to BC, as 2 to 1; and | 


Brounker. let the Parallelogram AB D E be equal to 1. 
N. 375 8 Suppoſing the Reader knows, that E A, 4 &, KH, 8, 40, 72 A, 6 by 
N CB, 25 are in an Harmonick Series, or a Series Reriproca- Primanorum, ſeu 


Arithmetice Proportionalium, (otherwiſe he is referr'd for Satisfaction to Arithm. 


Infinitor. Malliſi, Prop. 87, 88, 89, 125 I fay, 


I 7 I I 1 
Abc - + = ar r mm 2 
1* 2 3 *4 FX6 7x8 9 * 10 


„ I 3 33 I I 
EJDE V 
413 4x3 6 * 3 10 * 11 
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For (in Fig. 19. and 11.) the 


Parallelogram, 


1 


CA — 


I x 2 


„ 1] nt Wfons 1m Df er $0] ne hole 


2 
And that therefore in the 


11 


And (in Fig, 12.) the Trang, 


| 2 


50d = — — — = 3 
IOX IIXI2 2 
BE +l Der- Ne! 
def =o — — 
„ü, 2 


bk. gu ==" 


"Wo 
. 


[MV 


et rel 7 „ 
r . 
firſt Series half the firſt Term is greater than the 


Dr 


| || 


Sum of the two next, and half this Sum of the Second and Third greater 


than the Sum of the four next; and half the Sum of thoſe Four greater 

than the Sum of the next Eight, Sc. in inſinitum. For : d D = r 
but n F G, therefore id D >br + f G, Ge. | 
ries, half the ſecond Term is leſs than the Sum of the two next, and half this 
Sum leſs chan the Sum of the four next, Sc. in inſinitum. 


+ n; 
And in the Second Se- 


That the firſt Series are the even Terms, viz. the 2d, 4th, 6th, 8th, roth, c. 
and the ſecond the odd, viz. the 1ſt, 30 ſth, 7th, 9th, &c. of the following 
© BORD I 


Series, Sc. 


Fig. 10, 11, 12. 


— — 


e . EP» nie rr > + te 


LON IE 4H AE ß } 
—, —, —, —, —, —, &c. in inſinitum = 9. 
1x2 2X3 3X4 4 7*6 6X7 
I 
Whereof a, being put for the N umber of Terms em at Pleaſure, — 
a* + a 
a 
is the laſt, ——— is the Sum of all thoſe Terms from the Beginning, and 
a+1 | 
* 
— the Sum of the reſt to the End. 
a Be: X 


lumn, viz. of Diviſors; 


( 12) 


That 2 of the firſt Term in the third Series is leſs than the Sum of the 
two nexr, and Z of this Sum leſs than the Sum of the four next, and: of this 
laſt Sum leſs than the next eight, I thus demonſtrate: 

Let @ be equal to the third or laſt Number of any Term of the firſt Co- 


* 5 1 6 4 — 484 a $ 
err Wl Ro — b; 
aXG—IXa—2 2 —34 +24 16 4 — 96 + 232 at ; 
+ 56 a—24 3 | : 
85 — — A. 4 
— 288 # + 184 % — 48 4 } 

I | 1 : © 
- — — — 2 — ; 
1 4x 22 I „142 — 2 8 — 12 4 +44 ; 
ES 1 #5 ; 
. F 56 + $2. —24 
16 af — 48 a* + 56 @ — 24 2 
64 40 Dr = EIT — 064 g 
64a" eg. gz a! + 216. — 192 4 v1A=B 


the Denominator. 


64 4 — 384 a* + 880 = "969 a* + 496 4 — 96 4a » 
And 48 4 — 1924 + 240 4 — 96 4 = Exceſs of the Numerator aboye 


But the Affirmat. > the TY 
That is, 48 a+ + 240 4˙ > 192 4 + 96 4 
Becauſe 4 + 5 4 > 4 + 2 4 
a + 72 > 44a + 2 
Therefore B > 3A. 


Therefore one fourth of anv N 1 of A, or Terms, is leſs than their ſo 


many reſpective B; that i than twice ſo many of the next Terms. Q. E. D. 


By 
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By any one of which three Series it is not hard to calculate, as near as you 
leaſe, theſe and the other like Hyperbolic Spaces, whatever be the rational 
Proporien of AE to BC; as for Example, When A E is to BC, as 5 is 
to 4. (Whereof the Calculation follows, after that where the Proportion is, 
as 2 to 1; and both by the Third Series.) 


Firſt then, when (in Fig. 9.) AE:BC::2:1: 


2X 3X 4) 1. (o. 


4X 5X 6).1. (o. 
6x 7x 8) 1. (o. 


8X 9X10) 1. (o. 
t0* 11% $2) t. e. 
12 & 13 * 14) 1. (o. 


14 * 15 * 16) 1. (o. 


16x17 * 18) 
18 X 19 X 20) 
20 Xx 21 * 22) 
22 * 23 * 24) 
24 * 25 X 26) 1. (o. 
26 * 27 28) 1. (o. 
28 X 29 X 30) 1. (0. 
20X 31 x 32) I. (0. 


Ln — — — 
* I o * 
O 


32 x 33 x 34) 1. (o. 
34X 35 x 30) 1. (o. 
36x 37 * 38) 1. (o. 


38 X 39 x 40) 1. (o 
40 Xx 41 Xx 42) 1. (0 
42 X 43 X 44) 1. (o 
44 * 45 * 46) 1. (0 
46 X 47 * 48) 1. (o 
48 X 49 X 5O) 1. (0 
SO X HX 52) I. (o 
52 K 53 * 54) 1. (0 
54 55 * 56) 1. (0 
56 * 57 * 685) 1. (o 


58 X 59 x 60) 1. (o. 
60 x 6x x 62) 1. (o. 
62 X 63 x64) 1. (o. 


0002042484 
. 0001461988 


. 0000823452 
0000641026 


. 00001680691 
0000145350, 
0000 1258431 
0000109793 
. 0000096361 | 
. 000008 5034 
. 0000075415 
0000067 193 
- 0000000125 
5 0000054014 | 
_ 0000048 704 


0416666666] 0. 0416666666 


08 3333333 | 
0029761904 "” NAIR VEE 


0013888888 


0007575757 ( 8 
0004378754 C © 2929019589. 


0002970190 


0001082251] 
> o. 0007306482 
0000508758| 


0000410509 | 
00003300217 


0000278520} 


0000233426 
0000197500 


0000044008 | 
0000040002 } 


180 0001829939 


| O. 04 


Fig. 9. 


ve I xD 
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0416666666 
o. 0110095237 


do. 0029019589. 


o. 0007300482 
0001829939 ( 0. 


3). 


2 


— 


0. 05679179 
XY o. 00006100 


tt 2 


8. 0568 5270 S EdCy 


O. 0001829939 
O. 0000458315 


But o. 8 


Therefore o. 9056791 
+ o. KK 
＋ o. 00001528 


o. I >E d a 


it. tees ttt 


For it has been demonſtrated, That; ! of any Term in the laſt Column is 


leſs than the Term next after it; and therefore that ; of the laſt Term, ar 


which you ſtop, is leſs than the remaining Terms; and that the Total of 


And therefore ABCyE being =0. 7 - wa 


theſe is leſs than 3 of a third Proportional to the two laſt. 


o. (7 
and Co. ox685290 


and EdCy > ©. Kl Al 


And A BCE 1 is <o 69z1 2 —— and > 0. 69314709 


But when AE:BC::F: 4, © 


r as E Ato KH; that will the Space 
ABCE, or now, the Space AHKE( 


AH= 


lows. 
8X 9X10) 1. (o. 


16X 17x 18) 1. (o. 
18 X 19 * 20) 1. (o. 


32 * 33 * 34) 1. (0. 
34 * 35 * 36) 1. (o. 
36 * 37 * 38) 1. (o. 
38 * 39 * 40) 1. (o. 


0013888888 ] o. 0013888888 


0002042484 
o00r461988 5 


0000278520 


00002 3 34.26 
00001975 66 
0000168691 


o. 000087820. 


o. 0003504472 


N 


= AB) be found as fol- 


O. OOI- 8 


5 | ; Therefore EM (Fig. 12.) being = o. 0257 —— 


3 5 8 
Wo 4 
Wks 


(ns) 
_ ©, 0013888888 
di. 0003504472 . 
) e. 0000838294 (o. 0000292735 


o. 0018271564 
＋ o. 0000292735 


©. 0018564299 <E ab 


But o. 0003504472 
di. 0000878 204 
oO. 00002200737 


Therefore o. 0018 27 I 564 
＋ 0. 0000220074. 
+ o. 0000073358 


* 


— Aon 


o. 0016554296 >Eab 


—O0, o27 
E ab > 0. oo18564292 and C 0.0018564996 


EMba (Fig. 12.) or EKM (Pig. 9.) > 0. 02685643 <o. 02685650 


AHKE <o. 22314356 > ©. 22314349 


Therefore 3 A BCA E =2. 37944174 Therefore, 
and AHK E =o. 2231435 The Logar. of 10, 
* — — is to the Log. of 2, 
AB CE (when AE: B C:: 10: 1.) = 2. 3025850 as 2. 302585, 


to O. 693147. 


IV. The Quadrature of the Circle, or the turning it into an equal Square, The gte 


or any other Righr-lin'd Figure, (which depends upon the Ratio of the Circle 9 
to the Square of its Diameter, or of the Circumfeience to its Diameter) may y 


Conſtruction; and each of them again may be cither perfectly exact, or 
elſe almoſt, or pretty near. The Quadrature hy accurate Conſtruction, 1 call 


the Analytical; That which is done by accurate Calculation, 1 call the 


proach ; that which is by Conſtruction pretty near, I call Mechanical. 

The Approaches have been furtheſt carry'd on by Ludolph van Ceen: Vieta, 
Hugenius, and others, have given ſeveral Mechanical. "The accurate Geo— 
merrical Conſtruction may be had, by which not only an entire Circle may 


Geometrical: That which is done by Calculation pretty near, I call the Ap- 


be meaſur'd, but any Section or Arch of it alſo; which is by an exact and or- - 


dinate Motion, hut ſuch notwithſtanding as ſuits with Tranſcendental Curves, 
which erroneouſly are accounted Mechanical, tho' in truth they are as Geo- 


metrical 


a Circle, by 
, Leibnitz, 


| a | p a hil. Coll, N. 7: 
be underſtood to be fourfold, to wit, either by Calculation, or by Linear 2. 204. 


| 


by the Roots of common Equations; which for the general Quadrature of 


diminiſhed (that it may not be too big) by a third Part and again (becauſe 


onward, continually. 


(16). 


metrical as thoſe which are commonly ſo efteem'd ; tho! they are not Alge- 


braical, nor can be reduced to Equat ons Algebraical, or of certain Degrees; 


they having Degrees proper to themſelves, which tho' they be not Algebrai- 
cal, are yet neverthelels Analytical. 

The Analytical Quadrature, or that which is made by accurate Calculati- 
on, may be again ſubdivided into three Kinds; namely, into the Analytical 
Tranſcendent, the Algebraical, and the Arithmetical. The Analytical Tran- 
fcendent is to be obtain'd, amongſt others, by Equations of Degrees indefi- 
nite, hitherto conſidered by none: As if X* X be equal to 3o, and X be 
ſought, it will be found to be 3; becauſe 3* + 3, is 27 + 3, or 30. 

The Algebraical is done by Vulgar Numbers, tho' irrationally, Vulgar, or 


the Circle, or its Sectors, is indeed impoſſible. Now there remains the A- 
rithmetical Quadrature, which is performed by certain Series exhibiting the 
Quantity of the Circle exact by a Progreſſion of Terms (firſt) Rational, 
ſuch as I ſhall here propound. q ] “““ 
I have found therefore, that if the Square of the Diameter be put 1, the 
: 85 | I I I „ . 1 
Area of the Circle will be — — — + — — — X — + = 
. %% © IM 9 II 13] 


— — , &c. to wit, the entire Square of the Diameter being 


15 I 


hereby too much 1s taken away) being augmented by one fifth; and again 


(becauſe by this laſt roo much is added) diminiſhed by one ſeventh; and ſo | ; 


And the firſt Quantity will be too great, vVi2Z., 1. but the Erroryd I 


will be leſs than - 2 ee —— 5 3 
| $2 3 = Þ 7. 
, The next too little, viz. 1 — —, but the Error will be leſs than — 
5 s 
| I x | | 1 
The zd too much, viz. 1 — — + —, but, &9c. - - — — 
: 5 1 £30k 7 
3 I I I I 
The 4th too little, viz. 1 — — + — — —, but, GG. — 


Ce. gcc. 


The whole Series contains all the Approaches together, or the Values both 
greater than they ought to be, and leſs than they ought to be. 


So that by continuing the Series, the Errors may be made leſs than the Fra- 
ction given, and conſequently leſs than any aſſignable Quantity. Whence it fol- 


lows, that the whole Series muſt give the true Value. And tho' the Sum of the 


whole Series cannot be expreſſed by one Number, and that the Series be infinitel 
continued; yet becauſe it conſiſteth of one regular Method of Progreſſion, the 
whole may ſufficiently enough be conceived by the Mind. And if Van Ceulen 


| | could 


1 


„ 


made by Skipping, as hs hs 


(17) 


could have given a Rule by which his Numbers 3 141 5, Cc. could have 

been continued in infinitum, he would have given us the Arithmetical Qua- 

drature exact in whole Numbers, which we have here done in Fractions. 
There are ſeveral things relating to this Quadrature which might be taken 


| 2 ; 1 
notice of, eſpecially one, viz. That the Terms of this our Series, —, —, —, — 


1 
I | | | 
c. are of Harmonical Progreſſion, or in a continued Harmonical Pro- 
9 | bas | | 


greſſion; as will be evident to any one that ſhall examine them. And a Series 


2 , Ge. is alſo of Harmonical Progreſ- 


i? 57 9? 13 17 
ſion. And 555 1 =, — 15 Sc. is alſo a Series of Harmonical Pro- 
| 8 | I 1 

portionals. Wherefore ſince the Circle is — + — +- FEAY Joy Sc. — 
F 5 „5 Js ig» WIND. 

3 N Sc. by ſubſtracting the latter partial Series from 
the former partial Series, the Circle will be the Difference of two Series in 
Harmonical Progreſſion. And becauſe the Sum of any Number of Terms 
in Harmonical Progreſſion, how many ſoever, may by ſome Compendium be 
obtained; hence Compendious Approaches (if after Van Ceulen there be any 


need of them) may be deduc'd if one would in this our Series take out the 
Terms affected with the Sign —, by adding the two next into one, ＋ 


= x . I I I [ 1 £1 
1 * 1 5 and += 11 and + IP and + ” 
I 


= and ſo onward, he will have a new Series for the Magnitude of the 


o 


2 1 1 2 EO I 2 
Circle, namely, — (that is. — —— — IS, — . — — . 
is — 1 1 . Se. WW herefore 


9 
The Square inſcrib'd being 5 
5 | oy | B I I I I 5 
The Area of the Circle ſhall be T + 57 * = + 197 + 525 Se. 


But the Numbers 3, 35, 99, 195, 323, Cc. by Skipping are taken out of 
the Series of Square Numbers, 4, 9, 16, 25, Cc. diminiſhed by an Unite, 


and fo made the Series 3, 8, 15, 24, Cc. out of the Members of which Se- 
ries, every fourth after the firſt, is a Number of this our Series. But J have 


: found (which is worth nothing) the Sum of this infinite Series, +3 4 
1 | 0 - „ 
15 + &c. to be ＋ Nay, and by culling out by ſingle Skipping, as 


I I | 
5 + 77 | 5 Sc. the Sum of this infinite Series maketh Tor — But if 
7 7 98 my he ” TO 8 


| 
| 


( 19'} 


out of this again another Progreſſion be culled by ſingle Skipping, as 


=+op ＋ 3 the Sum of that infinite Series ſhall be the 1 | 


99 
cle, the Square of the Diameter being 1. Now becauſe by the ſame 
Means the Arithmetical Quadrature of the Hyperbola is obtain'd, I thought 
it not amiſs to repreſent to View the whole Harmony. 


„ ͤo· / %% ; ̃ , » 419; «lu. mm 
9 16 25 36 49 64 81 100 121 144 169 196 225 256 289 324 361 400 Sc. 
8 15 24 35 48 63 80 99 120 143 168 195 224 255 288 323 360 399 Ce. 
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the Circle AB CD, whoſe Inſcribed Square is 1 
the Hyperbola CB EHC, whoſe Power, AB CD, is 54 

Fg. 13. To the Aſymptotes AF, AE, at Right Angles to each other, let there be 
deſcribed the Curve Line of an Hyperbola G CH, whoſe Vertex is C; and 


AB CD, the Power or Square, to which every Rectangle made of the Ordi- 


nate, as E H, and the intercepted Part, A E, is always equal. About this Square 
let a Circle be drawn, and let the Hyperbola be continued from C to H, fo 


that AE be double to AB. Then putting AE to be 1, AB ſhall be - and 
its Square, A B CD, ſhall be - and the Circle, (whoſe Power ABCD is in- 
{crib'd) ſhall be + + 33 Sc. but the Portion of the Hyperbola CBEHC 
(whoſe Power inſcrib'd is the fame Square 3% which repreſents the Logarithm 


: VV 
of the Ratio of A E to AB, (or of 2 to 1) ſhall be 8 * 18 * Sc. 


| Tengents 1e t V. 1. Data fit quælibet Curva DQ, cujus puncta omnia referantur ad 


Geometrical Rectam quamlibet datam EA B, per Rectam DA; ſive E AB ſit Diameter 


Ss Ln” ſeu alia quzliber, five etiam aliz ſimul lineæ datz fint, quæ, vel quarum po- 

Slufius. n. 30. teftates, Æquationem ingrediantur; parum id refert. | 

CEE. i673, In Æquatione Analytica, facilioris explicationis cauſa, D A perpetuo dicatur 
kg. 14. v, & BA, ); EB vero & aliz quantitates datæ, Conſonantibus exprimantur. 


Tum ſupponatur ducta DC, tangens Curvam in D, & occurrens E B, 


productæ, ſi opus fit, in puncto C; & CA perpetuo quoque dicatur 2. Ad 


inycniendum AC, vel a, hæc erit Regula Generalis: 


| 1. Re- 


5 „„ 

1. Rejectis ab ÆAquatione partibus in quibus y vel v non invenitur; ſtatu- 
antur ab uno latere omnes in quibus eſt y, & ab altero illæ in quibus habetur 
v, cum ſuis ſignis + vel —. Hoc dextrum, illud ſiniſtrum latus, facilitatis 
cauſa, vocabimus. TE 

2. In latere dextro, præ ſigatur ſingulis partibus Exponens poteſtatis quam 
in illis obtinet v; ſeu, quod idem eſt, in illum ducantur partes. 

3. Fiat idem in latere ſiniſtro, præponendo ſcil. unicuique illius parti Ex- 


ponentem poteſtatis quam in illa habet y. Sed & hoc amplius; unum y in 
ſingulis partibus vertatur in 4. | 


Aio, Ægquationem fic reformatam modum oſtendere ducendæ Tangentis ad 


punctum D datum. Cum enim eo dato, pariter datæ ſunt y & v, & cæteræ 


quantitates, quæ Conſonantibus exprimuntur, à non poterit ignorari. 

Si quid forte ſit obſcuritatis in Regula, aliquot Exemplis illuſtrabitur: Data 
fit hæc Æquatio, 6 y —3y =v%v; in qua EB fits; BA, y; DA, v; & 
quæratur a, five A C, talis ut juncta DC, tangat Curvam DQ in D. Ex 
Regula, nihil rejiciendum eſt ab hac Æquatione, cum in ſingulis ejus partibus 
reperiatur y vel v. Ita quoque diſpoſita eſt, ut ab uno latere ſint omnes illius 
partes in quibus q; ab altero, omnes in quibus v. Singulis itaque tantum præ- 
figendus eſt Exponens poteſtatis, quam in illis habet y vel v; in latere ſini- 
ſtro unum y vertendum in a, ut fiat h - 2 = 2 vv. Aio nunc, hanc 
Aquationem oſtendere modum ducendæ Tangentis ad punctum D, ſive 
AC 
e 85 
Sic, ſi data fuiſſet Æquatio, 2% + by — yy e v]; eadem plane fieret 
cum priori ÆAquatio pro Tangente, abjecto ſcil. 47, ut Regula præſcribit. 

2 

Sic ex 2b yy — 9 2 ui fit 4354 — 3) a = 3 B, ſive a . 
Exbby Zy + } =quvyv, fit bba 2 2) a + 3 = 2qvv, & 4 = 

2 7 vu 


8 
2 of - 4 I * - 2 # Eat 3 
oY = 4 . 9 ws - 9 © ov W S "= 
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Feta ER + —p=qqvvt zu, fit 3byya — 45 
24quU +3200 
33 TITTY Tl i” 
Verum in ſimilibus Æquationibus nullam arbitror accidere poſſe difficulta— 
tem. Aliqua fortaſſe in illis occurrit, quarum partes quædam conſtant ex 
productis yin v Ut y v, y) v, ) vo, Ge. Sed hæc quoque levis eſt, ut 
Exemplis patebit. Detur enim) = vv —y vv. Nihil ab illa rejicien- 
dum erit, cum ſingulis ejus partibus reperiatur y vel v. | . 
Sed ut ex Regulæ præſcripto diſponatur, bis ſumendum erit yvv,. & ſta- 
tuendum tam in latere dextro, in quo ſunt partes quz habent v, quam in fi- 
niſtro, cujus partes habent y; quandoquidem y vr, tam quam v contineat. 
Faciendum igitur erit } + vv y =bvv—yvv. Tum mutata, ut prius, 
hac Æquatione in aliam 3 % a+ vva =2byvv=—2 y vv, dabitur 4 = 
2bVY — 2 JUU 


3% Y vy * 


24 u- 3 Zz v, & a= 
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Ita enim intelligenda eſt Regula, ut nempe in latere ſiniſtro non conſidere- 


tur poteſtas ipſius v, ideoque ipſi y vv, Exponens vv, præfigi non debear, fed 
tantum your y: Sicut contra ab alio latere, in yvv conſiderari non debet po- 


teſtas ipſius y, ſed v tantum, eique ſuus Exponens præponi. Sic ſi foret 9% + 
b yt=29qu*—yyv?, ſaciendum effet ) + bt + vyy=24quvi—yy5vi: & 
haberetur Aquatio pro Tangente 75 + 4% + 2v3a = 644 — 


3— 
35 & a = LML 32. 


„„ „ 1 
Atque his Exemplis arbitror, me omnem, quæ dari poſſet, Caſuum varie- 
tatem complexum eſſe. Cæterum non erit fortaſſe inutile, ſi ea quæ genera- 


tim expoſui, ad lineam aliquam ſingularem applicem. Data fit igitur Curva 


B D, cujus ea fit proprietas, ut ſumpto in illa quolibet puncto D, ſi jungatur 


BD, & erigatur ad illam normalis DE, occurrens rectæ B E in E, recta 


DE fit ſemper æqualis datæ rectæ B F. Ut habeatur Æquatio in terminis Ana- 
| . V YU 


Iyticis, fit DA=v, BA=y, BF vel DE =9. Erit itaque EA = — 


= N 
Et cum quadratum DE æquale fit duobus D A, A E; erit Mquatio q q = 


4 | 
7+ vv; five gqgyy=2v*|- yyvv; que pro Tangente ex Regulz præ- 


ſcripto, ſic reformanda crit, 74% — v =Uut + yy vVy, & 27404 — 


. nr 
2VVYa= 449% 2% v, and a = I, 

Quomodo autem Aquationes hujuſmodi ad faciliores terminos pro conſtru- 
ctione reduci debeant, id ſane ſolertem Geometram minime latebit. Ut ecce 
in hoc exemplo, quoniam Rectangulum B A E ſupponitur æquale Quadrato 
AD, ſi E A dicatur e, erit vv =ye, & vi=yyee, & ye hee. Itaq; pro 


illi in Aquatione eorui 63 
bs, poſito in Aquatione eorum valore, fit 4 1 N 


a 3 22. hoc eſt, ae =2ey + yy, & addito ee utrinque ae f ee 


= ee ze + yy. Erant itaque tres e, e , e + a, five E A, EB, EC, 
in continua analogia, & facillima evadet conſtructio. 

Cæterum quoniam hactenus ſuppoſuiſſe videmur, Tangentem verſus partes 
B ducendam eſſe, cum tamen ex datis accidere poſſit, ut vel parallela ſit ipſi 
AB, vel etiam ducenda ad partes contrarias; definiendum nunc ſupereſt, quo- 
modo hæc caſuum diverſitas in Æquationibus diſtinguatur : facta igitur Fra- 
ctione pro a, ut in Exemplis ſupra adductis, conſiderand æ ſunt partes tam 
Numeratoris quam Denominatoris, & earum Signa. 3% 
1. Nam f in utroque, partes vel habeant omnes Signum , vel faltem 
Affirmatæ prævaleant Negatis, ducenda crit Tangens verſus B. 5 

2. Si Affirmatæ prævaleant Negatis in Numeratore, ſed æquales ſint in De- 


nominatore, recta per D ducta, parallela A B, tanget Curvam in D: hoc enim 


in caſu, à eſt infinitæ longitudinis. 
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295 us, & ducta Tangente DC, erit A C, ſive a = 


( 21 ) a 
3. Si tam in Denominatore, quam Numeratore, partes Affirmatæ minores 
ſunt Negatis; mutatis omnibus Signis, ducenda erit rurſus Tangens verſus B: 


hic enim Caſus cum primo in idem recidit. 


4. Si in Denominatore prævaleant, in Numeratore minores ſint, vel con- 
tra; mutatis Signis illius in quo ſunt minores, ducenda erit Tangens verſus 
rtes contrarias, H. e. A C, ſumenda erit verſus E. | 
5. Ac tandem ſi in Numeratore partes Affirmatæ ſint æquales Negatis, 
quomodocunque ſe habeant in Denominatore, à abibit in nihilum: Itaque vel 
ipſa AD erit Tangens, vel ipſa E A, aut ei Parallela; quod ex datis facile 
dignofcitur. Horum autem Caſuum Varietas explicari poteſt per Æquationecs 
ad Circulum. 5 . 
Sit enim Semicirculus, cujus Diameter EB, & in eo punctum D datum, ex Fig. 16. 
quo cadat Normalis D A=v. Sit BA, BE; erit Æquatio by | 
2 VV 
| mn Ky. 
fi Y major fit 2 y, ducenda eſt Tangens verſus B; ſi æqualis, fit Parallela EB; 
fin autem minor, ducenda eſt verſus E; ut . 1, 2, & 4. diximus. Yo 
Detur rurſus alius Semicirculus inverſus, cujus puncta referri intelligantur Fs: 17. 
ad rectam Diametro parallelam, & eidem æqualem, ut in Schemate. Deno- 


Nunc 


minatis, ut prius, partibus, & NB = d, fit Aquatio by — yy = dd A vv 


2VY - 24 v 
b—2ly 


—2dv. Igitur A C, five a = : Cum vero Exemplo ſuppo- 


ſuerimus v ſemper eſſe minorem d; fi 5 fit major 2 y, ducenda erit Tangens 
_ verſus E; ſi æqualis, erit parallela, fin minor, mutatis omnibus Signis, du- 


cenda erit verſus B; ut u. 4, , & 3. Nulla autem ducenda eſſet Tangens, 
ſeu Tangens foret ipſa E B, fi ſuppoſuiſſemus NB æqualem Semidiametro, 
ſive 24 =b; ut . | | . | 8 

Sit tandem alius Semicirculus, cujus Diameter N B normalis fit ad Rectam Fe. 18. 
BE, ad quam ejus puncta referri intelligantur. N B dicatur 6, & aliæ partes 
denominentur ut ſupra; fiet Æquatio y y = - vn; & a MA. = wont 


Jam f h̊ fit major 2 v, Tangens ducenda erit verſus B; ſi minor, verſus E; fi 


autem æqualis, ipſa D A erit Tangens; ut ». 1, 4, & 5. 


Et hæc eſt, ni fallor, Caſuum omnium Varietas, quæ ex Æquationum con- 
ſideratione deprehendi pureſt, 
2. (1.) Differentia duarum dignitatum ejuſdem gradus applicata ad diffe- Ty. Lemmata, 
rentiam laterum, dat partes ſingulares gradus inferioris ex binomio laterum z e pre- 
5 | e : ceding Method is 
22 demonſtrated, by 
2 


=yy TD + xx. Quod facile oſtenditur. 8 
. : . | ; OPT nn n. 95. P. 6059. 
( 2.) Tot ſunt partes ſingulares ex binomio in gradu quolibet, quot unitates n. 57. p. 6125. 
habet Exponens dignitatis immediate ſuperioris; tres nimirum in Quadrato, June, An. 1673. 
quatuor in Cubo, &c. Et hoc vulgo notum. | 


ut 


(3.) S1 


. ( 
(3.) Si quantitas eadem applic etur ad duas alias quarum ratio data ſit, Quo- 
tientes erunt reciproce in eadem ratione data. 


His Lemmatibus Methodus mea facile demonſtratur, cum eo ordine diſpo- 
ſita ſint, qui ad illam quaſi manu ducit. 


N dee VI. 1. A NI GMA Geometricum, De miro Opificio Teſtudinis Quadrabilis 
eIitormis 


Ouadrabilis Temiſpherice, & D. Pio Liſci Puſillo Geometra propoſetum. | 


Angnolct), Inter Venerabilia Eruditæ olim Græciæ Monumenta extat adhuc, perpetuo 
250 . 594, equidem duraturum, Templum Auguſtiſſimum Ichnographia Circulari, Almæ 
Jan, An. 1693. Geometrie dicatum, quod a Teſtudine intus perfecte Hemiſphærica operitur : 
| ſed in hac, Feneſtrarum quatuor æquales Are (circum & ſupra Baſin Hemi- 
ſphæræ ipſius diſpoſitarum) tali Configuratione, Amplitudine, tantaque Indu- 
ſtria, ac Ingenii acumine ſunt extructæ, ut, his detractis, ſuperſtes Curva Te- 
ſtudinis Super ficies, pretioſo Opere Muſivo ornata, Tetragoniſmi vere Geo- 

merner et Tapas. 5 Es | 5 
Quæritur modo, Quæ ſit, Qua Methodo, Quave Arte, Pars illa Hemi— 


ſphericæ Superficiei Curvæ Quadrabilis, Tenſi ad inſtar Carbaſi, vel Turgidi 
Veli Nautici, ab Architecto illo Geometra fuerit aſſecuta? & cui demum 


Plano Geometrico Quadrabili fit æqualis? 


Solved by Dr. . | : 5 
Wallis“ ibid. heri non vacabat, alias occupato, reſpondere; eiſque incluſam Chartulam, Ty- 


7. 587. pis impreſſam, quam ais Florentia te accepiſſe mihi mittendam. | 
Continet ea Chartula Anigma Geometricum, quod (verborum involucris 
exemptum) hoc innuere judico Problema; ab Hemiſphærii curva Superficie 
Segmenta quatuor inter ſe æqualia ſic amputare ut reliquum fit Tetragoniſ- 
mi capax. | 
Simulque videtur innuere, in veteris Græciæ Monumentis etiamnum extare 
quidpiam quo illud fiat. | 3 5 9 8 1 
Hoc efle exiſtimo Hippocratis Chi Quadraturam Lunulæ. 
Quippe cum Archimedes demonſtravit, Curvam Hemiſphærii Superficiem 
æqualem duobus Circulis ejuſdem Sphæræ maximis, (id eſt, quatuor Semicir- 
culis;) docuitque Hippocrates Chius Lunulam quadrare quandam: Si ſingulis 


Hemiſphærici hujuſce Fornicis Quadrantibus tantundem eximatur, quanto de- 


ficit à Semicirculo ea Lunula, Reliquum æquabitur Quadrato quod Circulo 


Sphæræ maximo (cui hic inſiſtit Fornix Hemiſphæricus) Inſcribatur. 
Si tamen, præter Ænigmaticam Problematis Involutionem, ſubſit aliquid 


poli) Templum hic inſinuatum. 


(de Templo) Hiſtoricum; putaverim ego 8. Sophiæ (quod eſt Conſtantino- 


 SCAHOLIUM.) Per Hippocratis Chii Quadraturam Lunulæ, (primo 
Phyſicorum Ariſtotelis & Simplicii in eum locum Commentariis indicatam,) 

Fig. 19. Si Semicirculo A B D, in duos Quadrantes ACD, BCD diviſo, aptetur 
AD Subtenſa Quadrantalis Arcus, Radio CE biſecta in H; & Centro H ſcri- 

batur Semicirculus ADF: Erit (propter Quadratum Re&z A D Subduplum 


Quadrati Rectæ A B) Semicirculus AD F Subduplus Semicirculi AB D; 


1 adeoque 


2. Accepi, V. C. nudius-tertius (noctu decubiturus) Literas tuas, quibus 
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1a 


adeoque Quadranti ACD æqualis. Et (dempto utrinque communi Segmento 


ADE) reſidua Lunula A E D F reſiduo Triangulo A D C xqualis : Taleſque 
uatuor Lunulæ, talibus quatuor Triangulis; hoc eſt, Quadrato toti Circulo 
inſcripto A DBG. 

Porro, per Archimedis demonſtrata, æquatur Sphære Superficies quatuor 
Circulis in ea Sphera Maximis; Adeoque Hemiſphærii Superficies Curva, ta- 
libus quatuor Semicirculis; taliſque Superficiei Hemiſphæricæ Quadraus, uni 
Semicirculo. | | 

Circulus ADB G eſto jam Baſis Hemiſphæricæ Superficiei Curvæ; cujus 
Polus P, Axis CP, plano Baſis perpendicularis, ejuſq; Quadrans unus DPA; 
qui plano EP C per Axem tranſeunte, biſecetur. ui 

Ponantur item (ob commodiorem Calculum) Circuli Radius R, Diameter 

= 2R, Peripheria P, Expoſitus Arcus 4. 

Poſitoque Quadrantali Arcu DE ASA HP; eſt Semicirculus ABD = 
a RS RP: Triangulum AD CS RN = KR D; reliquumq; Semicirculo 


(dempto hoc Triangulo) RPR D; cui æquale auferendum eſt ex DPA 


(Quadrante Superficiei Hemiſphæricæ Curvæ, æquali Semicirculo ABD) 
quo Reſiduum æquetur Expoſito Triangulo A DC. 5 

Quod cum variis modis fieri poſſit; per ea qua nos dudum docuimus Auno 
1659. (ad Calcem Tractatus de Cycloide, tum editi, p. 122. inſerenda ad 5. 68.) 
iterumq; Anno 1670. (in Tractatu de Motu, Cap. V Prop. 24.) de Figura 
Plana, æquali cuivis in Superficie Sphæricæ Figuræ, Circulis quibuſvis (ſive 
Maximis, five Minoribus) terminatæ; fic fiat fimpliciſſime: | 

Cum Superficiei Sphæricæ Segmenta, Parallelis Planis Abſciſſa, ſint Axis 
Segmentis proportionalia (quod de expoſita quadrantalis Cunei Superficie DPA 
pariter valet: Si ſumatur, in Axe CP, ut Semicirculus + RP, ad Semicir- 
culum dempto Triangulo RP -R D; hoc eſt, ut Pad P -D; fic CP 
ad CY; (five, quod tantundem cit, ur Pad D; fic CP ad PV:) Planum 
per VZ. Baſt parallelum, abſcindet hujus Superficiei Curvæ portionem Polo 
adjacentem, æqualem Triangulo ADC. Quod cum in reliquis Superficiei 
Curvæ Quadrantibus, pariter fiat; æquabitur totum Abſciſſum (Polo adjacens) 
toti Quadrato Baſi inſcripto: Et ſic Tenſum ut oportuit. ©. E. F. 

Vel fic brevius. Eſt Hemiſphærii Superficies Curva (utpote duobus Cir- 
culis Maximis æqualis) = RP; Quadratum Circulo Maximo inſcriptum = 
2 RR ROD; Illudque ad hoc, ut Pad D. Adeoque (propter Segmenta 
Superficiei Parallelis Planis abſciſſa, Segmentis Axis proportionalia) ſumptis 
CP ad PV, ut Pad D, erit tum tota Superficies =R P, tum Portio ad Po- 
lum, plano Z. X abſciſſa, RD, Quadrato Baſi inſcripto. Q, E. F. 

Si dicatur, Proceſſum hic eſſe ex præſumpti Circuli Quadratura, aut ratione 


quam habet Circuli Perimeter ad Diametrum: Id omnino verum eſt. Sed non 


eſt objiciendum. Quia non poſtulat Ænigma propoſitum ut Hemiſphæricæ 
Superficiei Portiones abſciſſæ, (quas Feneſtras vocat) ſed ut Portio Superſtes, 
ſit Tetragoniſmi capax. Et quidem ſi utrumq; poſtularet, poſtularet Circuli 
Quadraturam abſolute Geomctricam; quod haberi non poſſe ſatis conſtar. 
Opificium quod ſpectat; ſuper Baſem Planam, extra Baſem Hemiſph:eri 


protractas, 


poſitam, ſed ipſi contiguam, cujus duo Latera in Angulum cocant ad A, intra 


Fig. 20. 


Fig. 21. 


Fig. 2l, 


Fig. 20. 


„„ ven REN 
protractas DA, GA Rectas (quo Feneſtrarum quas vocat utrinque adjacen- 
tium liber proſpectus pateat, non impeditus) extruatur Moles ſatis ſirma; ita 
quidem ut, aſſurgente Structura, promineat ejus acies, angulo ſuffulta, Cir- 
culi Arcum efficiens qualis eſt DZ, ad altitudinem Y aſſurgens. Et ſimiliter 


ad reliquos Angulos D, B, G. Atque his demum Structuris (quaſi totidem 


Columnis) ad eam Altitudinem provectis, imponatur Teſtudo, ſic intus ex- 


cavata, ut poſcit Hemiſphærica Superficies; Adeoque totum opus imperatum 


abſolvitur. 


Aliter. Idem fiet fi, pro Quadrato Baſi inſcripto, exponatur Quadratum 
uodvis QQ, (quod minus fit quam Hemiſphærica Superficies curva). Quippe 

i ſumatur, ut K P (Hemiſphærica Superficies curva) ad Q Q (expoſitum 
Quadratum, fic) CP (Axis Hæmiſphærii) ad PY (Axis Portionem Polo ad- 
jacentem:) Planum Z Y (Baſi parallelum) abſcindet portionem Superficiet 


Spbhæricæ Tetragoniſmi capacem: Utpote æqualem expoſito Quadrato QQ. 


Idem {ic aliter abſolvi poteſt: ſed majore ſolicitudine. 3 
Cum ſit (ut jam oſtenſum eſt) Hemiſphæricæ Superficiei curvæ Quadrans 
DPA æqualis Semicirculo AB D, ejuſque Segmenta Planis Baſi parallelis 


abſciſſa, Segmentis Axis proportionalia; Sumatur in DP Quadrantali arcu, 


arcus PQ graduum 60; (quod mihi Caſwellus ſuggerit) Polo P deſcri- 
ptus Circulus Q T 8 biſecabit Axem (propter Sinum Verſum grad. 60 = 


ER:) adeoque Quadrantem Hemiſphæricæ Superficiei curve DP A dirt 


met in duo Segmenra inter ſe æqualia: Quorum alterum, DQ TS A Qua- 


drilineum, æquat Quadrantem circularem BCD; reliquumq; Trilineum 


PQTS æquat Quadrantem AC D. Unde 1 porro auferatur QR S T Bili- 
neum, æquale ſegmento Circuli ADE, reliquum Trilineum PQRS, æqua- 


bit ADC Triangulum. Taliaq; quatuor, in quatuor Quadrantibus Hemi- 


ſph:ern, æquabunt Quadratum Baſt inſcriptum. Habebitur autem illud Bilineum 
per ea quæ nos dudum docuimus locis modo citatis. 
Idem univerſalius fic fiet. 


Sumpto Q ubivis in Arcu DC, (ne major fit D Q quam DZ; ) & quanto 


deficit Quadrilineum DQS A a toto auferendo, tantundem ſuppleat Bili- 


neum QR ST: Reliquum æquabit ADC Trianguſum. 

Et quidem, ſi ſumatur Qin D (quo evaneſcat Quadrilineum) ſumendum 
erit Bilineum æquale toti auferendo. Sin ſumatur Qin Z (ut Bilineo non fit 
opus) æquabitur Quadrilineum toti auferendo. 3 | 

Eademque omnia (de Quadrilineo & Bilineo quæ ſimul compleant totum 
auferendum) pariter accommodanda erunt (mutatis mutandis) ft, pro Quadra- 
to Baſi inſcripto, ſubſtituatur QQ Quadratum quodvis; quod tota Superficie 


cura Hemiſphærica non fit majus. 


Poſtquam hæc ſcripta fuerant, erantque ſub prelo, reſcivi tandem huic ei- 


dem Problemati reſponſum dediſſe Cl. V. D. Leibnitz, illudque in Actis Lip- 


ſicis comparere pro Menſe Junio, 1692. Quod fecit ut Prelum ſufflaminan- 
dum curaverim per aliquot ſeptimanas donec illud conſpicerem; quod ægre 
tandem obtinui. Videoque Cl. Virum juxta mecum ſentire, non eſſe Proble- 
ma Determinatum, ſed mille modis (nedum infinitis) ſolubile. | 


3. QÆnigmatis 
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3. Ænigmatis hujus Author Problematis tandem Conſtructionem ingenioſe e ?ropoſer's 
J * ect in Trafer Ital; de H a ö Folution demon- 
admodum & expedite dedit in Tractatu Italico, de Formatione & Menſura Te- flrated, by Dr. 
frudinum onnium, ad Sereniſ. Etruriæ Principem, ubi & Nomen ſuum profi- P. Gregory. 
3 teri dignatus eſt, nempe a V. V. Poſtremo Galilæi Diſcipulo, cum antea diſpo- "ys ge 1 
= ſitis horum verborum ut in Anagrammate elementis, ſub ficto nomine D. Pro 

= Liſ/ti Pufillo Geometra tectus latuiſſet. 

Anigma verum in ſequens Problema ab Authore convertitur: Super Hemi- 


 ſpbarii ſuper ficiem, aſſignare portionem dato quadrato æqualem Quod fic con- 


{truit. | | | 
1 Sphzra cujus Axis æqualis lateri dati Quadrati exponatur per] Circulum Fg. 22. 
* ACBD in propolita Sphæra verticalem, cujus Diameter Horizontalis eſt 


Z AB, centrum E. Perforetur Sphzra duobus Cylindris rectis quorum com- 
* munes Sectiones cum plano ACBD ſunt Circuli BLEG, AHELI, dia- 
Z metris EB, EA deſcripti. Dico factum; hoc eſt a quolibet Hemiſphærio 

* v»v.g. ſuperiori ACB ablatas eſſe per Cylindros perforantes quatuor Figuras 

bdilineares, duas ſcil. in parte antica & duas in poſtica, æquales, ſimiles & ſimi- 

iter poſitas, ita ut reſidua ſuperficies Hemiſphzrica fit æqualis Quadrato rectæ 

AB. Et quoniam Hemiſphærica Superficies, dempris ſpatiis quatuor Bilinea- 
ribus prædictis, refert Velum vento Inflatum & Tenſum, Teſtudinemve He- 
miſphæricam quatuor Feneſtris interruptam, quæ Circulari baſi AEB impo- 

ſita, ipſi ad puncta A, E, E, B, innititur; hanc pro jure ſuo appellat Teſta- 

dinem Veliformem Florentinam Quadrabilem. TD dl 

Auctor deinceps in memorato Tractatu plurima ad Praxin attinentia profert, 
ut ope Torni & Terebeæ Cylindricæ tam hujus quam reliquarum quinque Te- 
ſitudinum fiant exemplaria: Atque in hanc rem alia quædam Problemata ſub- 

> tilia conſtruit, quorum omnium demonſtrationes ab Auctore conſulto omiſſæ 
facillime ex nunc proferendis conſequentu. e 
Quod quatuor Feneſtræ in Hemiſphærio, ut dictum eſt, extructæ, ſint Fi- 
guræ æquales, ſimiles & ſimiliter poſitæ, ſatis liquet; reliquum eſt ut oſtenda- 
mus reliquam ſuperficiem Hemiſphæricam Tetragoniſmi vere Geometrici eſſe 
capacem. 

A0 lanum CAD B, in puncto E, erigi intelligatur Normalis recta æqualis 
EA Eper Peripheriam A CBD ſuperficies Cylindrica recta ejuſdem Al- 
titudinis. Vulgo notum eſt portionem Superficiei Sphæricæ inter quælibet 

duo plana Circulo AB CD Parallela comprehenſam, æqualem eſſe portioni 
Superficiei Cylindricæ inter eadem plana; & horum Annulorum ſimiles porti- 

7 ones reſectas a planis, in erecta ex E Normali, ſe mutuo interſecantibus, eſſe 

ee .tiam xquales. Si jam ducendo innumera plana Baſi A CBD parallela dicto 

{> modo deſignari intelligantur in ſuperficie Cylindrica partes reſpondentibus 

Sphæricis æquales, quz è regione Superficiei perforatione ablatæ deſignatur 
illi æqualis eſt. Quare patet reſiduam à perforatione Superficiem æqualem 
eſſe reſiduæ ſuperficiei Cylindricæ, dempta illa quæ è Regione ablatæ per 
dicta innumera plana deſignatur. Ducatur Diameter quælibet PM, ſecans 

Peripheriam A H E utcunque in H; — H A, per H ducatur R T 

normalis ad AB, & parallela ad CD per E ductam, occurrens Peripheriæ 

Vor. I. „ ACBD 


(26 a 
ACBD in R& T, & Peripheriæ AE in I. Super RT Diametro fiat Se- 
micirculus cujus Peripheriæ occurrant H S, IQ ad RT, normales 8S & Q. 
Hujus Semicirculi Planum intelligatur normaliter erectum ad Circulum ABCD. 
Unde Peripheria RS Q T erit in Superficie Hemiſphærica; rectaque HS 
nunc ad Planum A CBD normalis, erit Altitudo Superficiei Cylindricz perfo- 
rantis ſupra Baſeos punctum H. Idemqʒ de quolibet puncto ſuperficiei Cylindricæ 
perforantis verum eſt, ſcil. ejus altitudinem uſque ad Superficiem Sphæræ ſupra 
quodvis in Baſi punctum H, eſſe rectam HS, ut dictum eſt, genitam; ſed HS 
æqualis eſt H A ſinui recto Arcus M A, quoniam tam hæc quam illa eſt Me- 
dia Geometrica inter PH & HM, altera in Circulo M A P, altera in Circulo 
Sphæræ etiam Maximo, per puncta M, 8, & P, tranſeunte. 


Si in erecta in E ad planum A CBD normali, ab E ſumatur recta æqualis 
HS aut HA, & ab extremo ejus puncto ducantur rectz Parallelæ ad PM &K 
VN, planum per illas n erit ad Planum AC B D parallelum, & 
rectæ hæ per puncta 8 & Q tranſibunt, & productæ uſque ad Superficiem 
Cylindricam Hemiſphærio circumſcriptam abſcindent ex lateribus Cylindri 
rectas ipſis HS vel HA itidem æquales; comprehendentque Arcus æquales 
& reſpondentes Arcubus MN & VP. Quod ft alterum planum huic ad 
minimam diſtantiam parallelum ſimiliter ductum intelligatur, hæc duo per 
ſupra oſtenſa deſignabunt in Superficie Cylindrica annuli portionem æqua- 
lem portioni inter eadem plana à Superficie Hemiſphærica perforatione ablatæ. 
Quad ſi ſimilis Conſtructio fieri ſupponatur ad quodlibet in Peripheria AH E, 
punctum, portiones omnes in Superficie Cylindrica Hemiſphæricæ circumſcri- 
pta dicto modo genitæ & deſignatæ erunt æquales Superficiei Sphæricæ perfo- 
ratione ablatæ. Quare reſidua Superficies Hemiſphærica æqualis erit reliquæ 
ſuperficiei Cylindricæ conflatæ ex rectis omnibus H A ad reſpectiva puncta 
M, N, V, & P, erectis, ſea figuræ ſinuum rectorum Semiperipheriarum A CB, 
ADB, hoc eſt, per dudum à Geometris cognita, quadruplo Quadrato Radii 

AE, ſive denique quadrato Diametri AB. Cumque duæ integræ Figuræ 
comprehenſæ a communi ſectione prædictæ Superficiei Cylindricæ perforantis 
cum Superficie Syhærica, æquales ſint quatuor ſemiſſibus earundem, patet re- 


ſiduam ſuperficiem Hemiſphæricam A CB, ablatis quatuor ſpatiis Bilinearibus 


(ut ſupra in Conſtructione) æqualem eſſe quadrato Diametri AB. Q, E. D. 
Si Semiperipheria A N E, ita inflectatur ut congruat cum æquali quadrante 
Peripheriæ ARC; punctum H incidet in punctum M ob æquales Arcus AH, 
AM, & HS altitudo ad H ſuperficiei Cylindricæ ſuper A HN E inſiſtentis 
congruet cum æquali H A altitudine ad M Figurz Sinuum rectorum ſuper 
AMC ſerectæ; idemque in reliquis punctis fiet. Unde curva quz eſt com- 
munis interſectio Superficiei Sphæricæ cum Superficie Cylindrica ſuper Baſt 
AH E, quamvis non jaceat in codem Plano inflexa, ut dictum eſt, congruet, 
& proinde æqualis eſt curve terminanti figuram Sinuum rectorum; hoc eſt 
communi Sectioni Superficiei Cylindriez ſupra Quadrantalem Arcum ARC 
erectæ cum Plano ſecante Planum Baſeos in recta B A ad Angulos ſemirectos; 
five quadranti curvz Ellipſeos cujus minor Axis eſt AB, major vero poteſt 
hujus duplum. Adecque Perimeter Veli Quadrabilis Florentini ex hujuſmodi 
quatuor conltans æqualis eſt Perimetro dictæ Ellipſeos. > 
e 


1 


. T7. 
Sed & hoc amplius adnotare non pigebit, Superficies Cylindrorum duorum 
perforantium intra Sphæram, æquales eſſe Superficiei Sphæræ poſt perforatio- 
nem relictæ, five duplici Velo Florentino, hoc eſt duplo quadrato Diametri. 
Atque hoc exinde patet quod Velum Florentinum æquale ſit Figuris quatuor 
ſinuum rectorum Quadrantis, & Superficies perforans iiſdem etiam fit xqualis, 
quoniam illis congruit fi inflectio fiat ut ſupra. 1 

Hoc tantum addam, Conſiderationem Figuræ Sinuum rectorum (cujus e- 


tiam partes in Quadrata facile mutantur) ſufficere ad Demonſtrationem eo- 


rum omnium quæ de aliis folidis Torno elaboratis vel Cylindro perforatis, eo- 
rumque Superficiebus ab Acutiſſimo Geometra V. V. (Vicentio Viviani, ni 
fallor) Digniſſimo Galilæi Diſcipulo proferuntur; dum Fabricam & Menſu— 
ram Teſtudinum docet. Speciatim Superficies Teſtudinis Scaphoidis Roma- 
nz | Volta a Schifo alla Romana | ex octo Figuris Sinuum rectorum Arcus 

Quadrantalis conſtat, ac proinde Teſtudini Veliformi Florentinæ æqualis eſt. 
Unde patet quomodo æqualibus quadratis ſuperimponi poſſunt duæ Teſtudines, 


uarum altera eſt undique clauſa, altera quatuor Feneſtris interrupta, utraque 
a Baſeos dupla. 8 


Py 


VI. . Drawing the ſtreigbt Lines E A, and E B (cutting the Arc AB in G,) 
becauſe biſecting AG at Right Angles;) the Right-lined Triangle A FE is 


The Demonſtration is to this purpoſe; viz. A D B being a Quadrantal 
Arc; the Angle AGB will be three Halves of a Right Angle; (and its con- 
junct Angle EG A, half a Right Angle) and that Angle (being external to 
the Triangle AGE) is equal to the two oppoſite Intervals GE A EAG. 


| WhereofGE A (becauſe an Angle in the Semicircle A EB) is a Right Angle, 


and therefore E A G is half a Right Angle, (as are alſo FE G, and FEA) 
and the three Triangles A F E, GFE and G E A, each of them half a Square. 
And AG to AE, as / 2 to 1, (proportional to the reſpective Radii of the 
two Circles.) And the like Segments A DG, AE, in their reſpective Cir- 
cles (as the Squares of their reſpective Radii) as 2 to 1. And therefore the 
Semiſegment AF D, equal to the Segment AE; and conſequently (one ta- 


king from the Triangle as much as the other adds to it) the Portion of the 


Lunula ADE, equal to the Triangle AFE. 9. E. D. Es 

If the Point E chance to be in K (the middle of the Arc AEB), there will 
be no Interſection at G (the Points G, B, being then coincident, but without 
any Diſturbance to the Demonſtration): If it happen beyond it, toward B, 


then G will be on the other ſide; and what is here ſaid of EGB, muſt be 


accommodated to EGA. | 
The Ground of the whole Proceſs is plainly this: The Angle A CE, be- 
ng an Angle at the Center of the greater Circle, but at the Circumference 

the Leſſer, the Line CDE (as it paſſeth from CA to CB) doth, in the 
ſame Proportion, divide the Quadrantal Arc ADB, and the Semicircular 


AEB: Whence all the reſt doth naturally follow. 


E 2 V 


The Quadrature 
: w_—_ a | of the Parts of 
and on AG, a Perpendicular E F, (which will therefore paſs to the Center C, the Lunula, by 


Mr. Ho Perks, <> 


; little varied, b 
equal to ADE, the propoſed Portion of the Lunula, oY Wallis, 
| | N. 2 59. p. 411. 


Dec. An. 1699. 


— — 


1 % RT. 
— 4 . . If you compleat the two Circles, whoſe Arcs contain the Lunula of Hip- 
F. . ꝙñvp;ocrates, the ſame is true as well of the Points in the other Semicircle AC B, 
| Dec, An. 1699. as of thoſe in the Semicircle AEB, and for the ſame Reaſons; as appears in 
| Ps: 26. the Scheme annex'd, wherein I have mark'd the Points in the Semicircle A CB, 
(correſpondent to thoſe of Mr. Perks, in AEB) with the correſpondent 
ſmall Letters in the Roman and Greek Alphabets. 
| If Mr. Perks had made his Conſtruction univerſal, by making both E A and 
| EB meet with the greater Circle, (which he might have done by protraCting 
theſe Lines and the greater Circle till they meet) he might have found thar 
the Portions of the Spaces AsCM, BHCN, (ſuppoſing M CN parallel to 
| AB) are Quadrable as well as thoſe of Hippocrates's Lunula, and that E A y be- 
EE ing a ſtreight Line, the Portion AED of Hippocrates's Lunula; is to Ad (the 
| 


Correſpondent of A: C M) in duplicate Proportion of Ce to Ae; for ERS 
(at R the Center of the leſſer Circle) is, in this Caſe, a Right Angle. 
Moreover, If you take any Point a, in the Semicircle A CB, and proceed 
according to Mr. Perks's Conſtruction univerſaliz'd, as above-faid, you will 
find, on the one fide, the Trilineum A? (contain'd by the Arcs As, A, 
3 and the ſtreight Line ed) equal to the Rectilineal Triangle Ae; and on the 
| other ſide, the Trilineum contained by the Arc Bs (the Complement of « A to 
the Semicircumference) and the Arc B d (the Complement of A to the fourth |} 
\ Part of the Circumference) and the ſtreight Line ed, (that is the Trilineum | 
BH Cd diminiſhed by the Segment Ce) to be equal to the Rectilineal Tri- | 
angle Bef; apd that thoſe two Spaces As d, and the Difference of BHCd | © 
from the Segment Cs (Parts of the Lunula ACBgy A) taken together, are ET 
equal to the Triangle A CB, as well as to the two Spaces AED and BED, | © 
Parts of the Lunula of Hippocrates. V 1 
So that upon the whole it appears, that the two Circles (containing the 1 
Lunula of Hippocrates) being compleated, this Lunula, A E B G A, and the | 
other, AC Bg y A, make up one Syſtem, and are conjugate Figures. 
For, drawing a ftreight Line CDE, or Ce, or Cd, at pleaſure, thro' 
C, the Center of the greater Circle, and cutting thoſe two Circles, the Space 
contained within two Arcs of theſe two Circles, and Part of the ſaid ſtreight 
Line (as AE D, cr Aed, or BH d) is equal to the rectilineal Triangle AEF 
or Aste, or Be, reſpectively. 
And ſo it happens, that if this Line going out from C, be on the ſame ſide 
of the Diameter M N with the Lunula of Hippocrates, the aforeſaid Space 
(which receives a perfect Quadrature) is Solitary; ſuch as are the Parts of 
Hippocrates's Lunula, and of the two Spaces, Ae CM, BH CN (which there - 
fore are Parts of the Lunula, more nearly relating to one another. 
But if that Line going out from C be on the other fide of M N, then 
the Space which is equal to the Rectilineal Triangle is the Difference of two 
Mixtilineal Figures (the one a Trilineum, the other a Segment of the leſſer 
Circle), as is aboveſaid; neirher of which can be ſquared ſeverally. _ 
All theſe Particulars are plain from Mr. Perks's Demonſtration; which, 


IRE 


with a little Variation (ſuch as is uſual in the different Caſes of the ſame Theo- * 
tem), is applicable to them all; tho' perhaps he was not aware of it. 4 
| The 


angle AEF in the duplicate 
as BA is to AL: Bur, by 1 El. 6. the Triangle ACB is to the Triangle 


Circumference of a Circle whoſe Diameter is BC and the Solid generated by N. 267. P. 524. 


| (09): 
The like was done (without any Demonſtration) by M. 7/chirnhas/e in the 
AA Liphe 1687, to this purpoſe: If from any Point E, in the Circumference 
of the leſſer Circle, we let fall on AB a perpendicular Line cutting it in L, 
and draw the Line CL; the Triangle CAL is equal to the Portion of the 
Lunula AED (and conſequently the Triangle CB L equal to the Portion 
BED); which I ſhall demonſtrate ſo as the Demonſtration may alſo reach 

che Portions of cd ook &hJagate Space ACBgyA. 7% 
For the Triangles ACB, AEF, are Like Triangles, each being the Half 
of a Square; and therefore, by 19 El. 6. the Triangle ACB is to the Tri- 
roportion of B A to AE, that is, by 8 El. 6. 


ACL as BA is to AL: Therefore, by 9 El. . the Triangles A C L and 
AEF are equal: But the Triangle AEF is (by Mr. Perks) proved equal 
to the Portion AED; and therefore the Portion AED is alſo equal to the 


Triangle A CL. 


3. On the Center B, Mr. Caſwell draws by A a third Circle, which forms By Mr. Caf- 
another Lunula than that of Hippocrates; and he doth (very dexterouſly ) wel, MOOR. 


ſquare the Portions of this Lunula; and doth hereby let us into a new 


Syſtem, which may be purſued in like manner as Dr. Gregory hath done that 
of Hippocrates, TREE | 


4. M. Tſchirubauſe, letting fall from E (on AB) a Perpendicular EL, 3 oy. Wallis 
determines the Angle ALC equal to the Portion A D E; which being , 


admitted, we may thus divide the Lunula in any given Proportion; if we di- © 


vide AB at L in ſuch given Proportion, CL will, in the ſame Proportion 
(becauſe of the common Altitude) divide the Triangle A CB (which is equal 
to the whole Lynnla), and LE (erected at Right Angles on ALB) will de- 
rermine the Point E; from whence if we draw to C the ſtreight Line EC, 
this will, at DE, divide the Lunula in the ſame Proportion. 


Mr. Perks, on EDC drawing the Perpendicular AF, determines the Se- Fig. 26 


miquadrate A FE equal to the propoſed Portion ADE; which Semiqua- 


drate is a Like Figure, and alike ſituate ro AE as is ACB to AB. 
And therefore (becauſe Like Figures are in duplicate Proportion of their 
reſpective ſides) if we fo inſcribe AE, as that the Square of AE be to the 
Square of AB in ſuch given Proportion, the Lunula will, at D E, be fo di- 
vided as is required. i : 
And-this will hold (if duly apply'd, according as the different Cafes may 
require) rho' E be taken (in the Continuation of 


the Semicircle) beyond A; 


for, ſtill like Figures will be in duplicate Proportion of their reſpective ſides, 
and CE = CD = DE; and the ſame is yet improveable much further. 


VIII. If upon BC you take any two Points D, E, and draw the Perpen- J, ene 
diculars DH, E M, meeting B A in I and L, and cutting a Portion FG MH, 6) the Converfoon 
of the Lunula; the Solid generated by the Converſion of this Portion about TH 
the Axis BC, is equal to a Priſm, whoſe Baſe is IL MH, and Height the Ab. de Moivre, 


oivre, 


the Jul. An. 170. 


Ge 


| \ 


(30) 


the Semicircle BK A, is equal to a Priſm or Semicylinder, whoſe Baſe is the 


0 e B K A, and Height the Circumterence of a Circle whoſe Diameter 
is BC. | 


Having biſected B A in R, and BC in P, the Surface generated 
by the Converſion of the Arc H M about the Axis B C, is equal to 


- BP HM + BR « DE (ſuppoſing the Ratio of the Radius tothe Cir- 


cumference to be as r to c) and the Surface generated by the Semicircumfe- 
rence BK A is equal to a Rectangle whoſe Baſe is the Sum of that Semicir- 
cumference and Diameter B A, and Height, the Circumference of a Circle, 
whole Diameter is BC. As for the Surface generated by the Arc G F, 'tis 
well known that it is equal to a Rectangle, whoſe Baſe is the Circumference 
of a Circle whoſe Radius is BC, and Height DE; therefore the Surface ge- 
nerated by the Converſion of the Portion MH F G is known. 


If upon B A, you take any two Points I L, and draw IN, LV, perpen- p | 


dicular to it, cutting the Quadrant in O and T, and the Circumference in 
N andV ; the Solid generated by the Converſion of the Portion ONVT 
about the Axis BA, is equal to a Priſm whoſe Baſe is IO TL, and Height 
the Circumference of a Circle whoſe Diameter is B A: 


_ Having biſected BA in R, and drawn CR meeting the Quadrant in G, 
the Surface generated by the Converſion of the Arc O T about BA, is equal 


to —XTG xIL—CRxOT. 


Biſect DE in 1; thro' the Center draw SQ, parallel to BC, meeting the 
Circumference BK A in 8, BK parallel to A C in V, and the Lines DH, 
EM, in N and O; the Solid generated by the Converſion of the Portion FGMN 


about the Axis AC, is ＋ * MO z—5NH3 +PCx N O M H + 


CY*x DNOE —JEG3; + 3DF 3;and the Solid generated by the Segment 


K BS is — VZ FP CxBVRKS,; therefore the Solid generated by 


the Semicirele B K A about AC, is FHN TAR FFOxXBCCV 
—IAC3+3 V K 3 FPCxBVES, which, by due Reduction, will be 


found equal to the Solid generated by the Converſion of the ſame Semicircle 


about the Axis BC. 


The Solid generated by the Portion O N V T, about the Axis CP, is 


equal to L 3—TIN3—FQT3 +3PO3+CSx PQIL. 


From the Points M, H, drop the two Perpendiculars M Z, H W, 
upon C A prolong'd, if need be; the Surface generated by the D—_ 
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(83) 
Gon of the Arc H M, about the Axis C A, is equal to - „ PCVYH N 


—RA x WZ, whenthe Point E is next to C; or—x POXHM-FRA* WZ, 


when the Point W is next to it. 


Thoſe that will think it worth their while to beſtow ſome little Pains to 
find the Demonſtration of this, may ſolve the following Problem. 


Any two Conic Sections being given, forming a Lunula by their Interſeftion, and 
a Right Line being given by Poſition, about which, as an Axis, this 
Lunula is imagined to turn, To find the Solid generated by the Converſion 
of any of its Parts, cut off by Lines perpendicular to that Axis, or pa- 
rallel to it, or making any given Angle with it; as alſo the Surfaces made 
by that Converſion. | 


IX. Suppoſe DP V to be Half of an exterior Epicycloid, VB its Axis, 


V the Vertex, VLB Half the generant Circle, E its Center; DB the Baſe, 


C its Center: Biſect the Arc of the Semicircle VB in L, and on the Center C, 


i _ thro! L, draw a Circle cutting the Epicycloid in P: Then, I ſay, the Curvili- 


near Triangle V LP will be = BE in CE. that is, the Square of the Se- 


midiameter of the generant Circle, will be to the Curvilinear Triangle V LP, 


as CB, the Semidiameter of the Baſe, to CE; which CE in the exterior Epi- 
cycloid is the Sum of the Semidiameters of the Baſe and Generant; but in 
the interior Epicycloid D p u, it is the Difference of the ſaid Semidiameters. 


COROLL. I.] In the interior Epicycloid, if CE is; CB, the Epicy- 
cloid then degenerating into a Right Line, the Quadrature of the Triangle 
p u, will be in effect the ſame with the Quadrature of Hippocrates Chius. 


* 


The Quadrature 
of 4 Portion of 
the Epicycloid, by 
Mr. Caſwell. 
N. 217. p. 113. 
Oct. An. 1695. 
Fig ' 29, ; 


COROLL. II.) If the Semidiameter of the Baſe is ſuppoſed infinite, the : 


Epicycloid then being the common Cycloid, the Area of the ſaid Triangle 
will be equal to the Square of the Radius of the Generant and ſo it falls in 


with that Theorem which Lalovera found, and calls Mirabile. 
The general Propoſition from whence I deduced the aboveſaid Quadrature, 


is this, viz. The Segments of the generant Circle are to the correſpondent. 
Segments of the Epicycloid, as CB to 2 CEA CB. For Example; Sup- 


pole Fm G, the Poſition of Part of the Generant, when the Point. F of the 
exterior Epicycloid was deſigned, then the Segment FG is to the Seg- 
ment DFzG, as CB to 2 CE + CB; and conſequently. the whole Epicy- 
cloid to the whole Generant in the ſame Proportion; which is the only Caſe 
demonſtrated by M. de la Hire. 185 

It ſollows alſo, that in the Vulgar Cycloid its Segments are triple of the 
correſpodent Sectors of the Generant; which was firſt ſhewn by Dr. Mallis. 


X. Area 


F 
- 
; 


(32% 


[| 6 
general Propo- X. Area Cycloidis vel Epicycloidis, five Primarie, fue Comracts vel Prolatæ. 
— 1 = *. eſt ad Aream Circul. Generantis; atqze etiam Areæ Partium genitarun. 
| and Epicycloids , in tiſdem Curvis, ad Areas analogorum ſegmentorum Circuli, ut ſumma 
by Mr. Edm.  duple Velocitatis centri ac Velocitatis motus Circularis, ad Velocitaten; 4 
2 58 aka Motus Circularis. „ BB 
Fg. 30, Demonſtratio.] Deſcribatur Epicyclois quievis.Y PSQV B, revolutione cir- 


| culi VLB, ſuper Baſi circulari YM NB; ponatur centrum circuli generan- 
| tis in e, ductaque c MK, inſiſtat circulus Baſi in puncto M; fitque punctum 
| lineans S. Jam diviſis motibus transferatur primum motu circulari punctum 
| S in R, ut augeatur arcus SM particula indiviſibili RS; deinde progrediatur _* 
= centrum c in C; hoc motu, traducto ſegmento RS M in ſitum QT IN, _* 
punctum Q tanget Curvam. Patet triangulum RS M eſſe momentum five Z 
| fluxionem Areæ ſegmenti Circuli: Trapezium vero QS MN eſſe Fluxionem 
1 Areæ ſpatii curvilinei ſimul geniti. Jam cum S M, RM, QM, non niſi puncto : 
| inter ſe deferre intelligantur, concipe Areolam QS MN conſtare ex tribus | ? 
ſectoribus RMS, RMQ, MN; adeoque Areolam R MS, eſſe ad Are: 
olam QS MN, ut eſt angulus RMS ad ſummam trium angulorum RMS 7 
+R MQ + MQN. At anguli RMQ + MN æquantur angulis | 7 
MCN MEN, five angulocMC; propter lineas RM, QN invicem | 
. inclinatas ſub angulo ipſi MK M aquali, ac propter angulum MN ipſius 
DB MN dimidium (per Eucl. 3. 20.) Proinde angulus RMS eſt ad angulos 
I! RMS + MC, hoc eſt (per eadem 3. 20.) arcus 5 RS, ad duos arcus 
- Cc + IRS, five RSad2Cc + RS, ut areola RS M ad areolam 
a QS MN : five ut momentum ſegmenti circularisQ T N, ad momentum ſeg- 
| menti in Epicycloide ſimul geniti QSY MN. Cumque hæc momenta ſem- 
per fint in eadem illa ratione, ubicunque aſſumpſeris punctum Q, conſtat 


VVV 
„ % 
e E i ils IU EE LS RR 4 r 
5 eee eee ee eee 8 2 ARAB : FEY. PET 


Areas iplas QT'N, QSY MN his momentis genitas, eandem habere con- 7 


ſtantem rationem, nempe-yelocitatis motus circularis RS, ad duplam veloci- 
tatem centri addito moru circulari, five 2Cc + RS; Sicut etiam Aream 
VBZ. ad Aream QV BN, ac proinde ſemicirculum VLB ad ſpatium Cur- 
vilineam VQY NB. Ergo conſtat propoſitio. Nulla autem alia eſt diffe- 
rentia in modo demonſtrandi, ſi Cireulus genitor ſuper Arcu Baſis Concave 
moveatur, niſi quod angulus c MC, hoc in caſu, fit, differentia angulorum 
MCN, MK N. Si vero Baſis fit linea recta, evaneſcente MK N, ac ob 
RM, QN parallelas, etiam facilior erit probatio. In omnibus autem hujuſ- 
modi Curvis portiones analogæ portionibus illis, quas in Cycloide primaria per- 
fectæ Quadraturæ capaces invenit CI. Walliſius, ſunt æque quadrabiles; quod „ 
quidem facile conſequitur ex præmiſſis. get 7 
Centro K, per punctum Q, duc circularem arcum QZ, ac age ZB ab- 
ſcindens ſegmentum . J. B, æquale ſegmento QT N; dein biſeca ſemicircu- 
lum VB in L, ac per punctum L, centro etiam K, deſcribe arcum PL, 
ſecantem Epicycloidem in P, circulum Genitorem in T, ac Chordas Q N, 
Z B in y & X. Jam fat Arcus VZ Da, ejuſque ſinus , Radius Genito- 
ris =7, Radius vero Baſis R; ſitque arcus CE, five motus centri = , 
6 . Pater 
r 
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8 ; (33) 

Patet Sectorem CKE eam rationem habere ad fpatium Ky N B, quam habet 
quadratum ex K E, ad differentiam quadratorum ex KL& K B; five ut 
RR +2Ryr ＋ rad z Rr zr; hoc eſt ut Rad 27, vel KE ad 
B V; ac proinde rectangulum B E in CE five m zquari ſpatio X 5 N B. 
Spatium vero VZ B æquale eſt rectangulo ; a e, adeoque juxta 


. a ; mar +msr 
noſtram propoſitionem, erit ut à ad 2 , ita; ar r ad ; 


æquale ſpatio Curvilineo QV Z LB NQ: Ex hoc ſubduc ſpatium 
XYVNB Z rm, & remanebit ſpatium Q V 7. X J = == Cumque ſpa- 
tia Z XL, Q) T zquenter inter ſe, ſpatium QV LT Q etiam æquabitur ipſi 


mrYrs 


——— 


: Quoties itaque a ad , five motus circularis ad progreſſivum Centri, 


fuerit in data ratione, dabitur etiam perfecta Quadratura ſpatiorum Curviline- 
orum Q V L T Q: Totumque ſpatium V P L, ad Quadratum Radii BE, 
erit in eadem ratione motuum ad a, hoc eſt, in omni Epicycloide primaria, 
in ratione radiorum K E ad KB, quæ eſt ipſa D. Caſwell; Propoſitio. Spatia 
autem minora VL T Q erunt inter fe ut Sinus arcuum VZ; ac ſpatia 
Triangularia QT P, eodem argumento erunt ut Sinus Verſi arcuum QT vel 
Z L; ac proinde etiam quadrantur. Pari modo probabuntur ſpatia P AT, 
p Lu, pr, ſemper eſſe ad Radii B E quadratum (in omnibus his Figuris) in 
prædicta ratione ad 4 z eorumque portiones t, ut Sinus Verſi arcuum in- 
terceptorum 41. Reſidua autem ſegmenta, ut TA, q7TA, EC. erunt ut 
ſinus recti complimentorum eorundem arcuum . bs 
Componitur autem ratio velocitatum ad a, ex ratione radiorum KE, BE, 
ac ratione angulorum ſimul æquabiliter deſcriptorum CK F,, VE Z.; ac pro- 


inde data etiam illa angulorum ratione, etiam Quadrabuntur ſpatia omnia Epi- 
cycloidalia prædicta. 5 a 


XI. 1. Oueritur Curva ejus Proprietatis, ut duo Seamenta (linex rectæ a Bo gmt, 15 
dato puncto per curvam ductæ) ad QUAMCUNGUE potentiam datam elevata & Bernouilli, 
ſimul ſumpta faciant ubique unam eandemgue ſummam. Generalem ſoluti— oy 70 _ 
onem Analyſtis eruendam relinquimus. - 


2. Problema (ſi recte intellexi) fic proponi poteſt. Quæritur Curva KI L Selved by If. N. 
ea lege ut ſi recta PK L a dato quodam puncto P, ceu Polo, utcunque duca- * 2 ; 
tur, & eidem Curvæ in punctis duobus K & L occurrar, poteſtates duorum _ 
ejus ſegmentorum PK & PL, a dato illo puncto P ad occurſus illos ductorum, 
ſi ſint æque altæ (id eſt, vel quadrata, vel cubi vel quadrato- quadrata, &c.) 

datam ſummam PKA PL , vel PK. + P Le. &c. (in omni rectæ il- 
lius poſitione) conficiant. Cn 5 

SO LCYTIO.] Per datum quodvis punctum A, ducatur recta quævis in- 
finita poſitione data A D B, rectæ mobili PK L occurrens in D, & nominentur 
AD, x, & PR, vel PL, 3, ſintque Q& R quantitates ex quantitatibus qui- 
buſcunque datis & quantitate x quomodocunque conſtantes, & relatio inter 

x & y definiatur per hanc xquationem YY + QY + R =o. Et ſi R 


| VoL. I. 5 {ir 
— 


. „„ 5 
fit quantitas data, Rectangulum ſub ſegmentis PK & PL dabitur. Si Q 
ſit quantitas data, ſumma ſegmentorum illorum (ſub ſignis propriis conjuncto- 
rum) dabirur. Si QQ — 2R datur, ſumma quadratorum (PKq + PLg) 


dd 
3 £8 


dabitur. Si Q* —- 3 QR data fit quantitas, ſumma cuborum (P Ke. Z 
+ PL?) dabitur. Si Q — 4QQR +2 RR data fit quantitas, ſumma I 
quadrato-quadratorum (PKT + PL 9g) dabitur. Et fic deinceps in infi- C 


nitum. Efficiatur itaque ut R, Q, QQ —2zR, Q —3 QR, &c. datæ 
ſint quantitates, & Problema ſolvetur. ©, E. F. 


Ad eundem modum Curvæ inveniri poſſunt quæ tria vel plura abſcindent 
ſegmenta ſimiles proprietates habentia. Sit æquatio Y* +Q yy +Ry +S 
=0;z ubi Q, R& 8, quantitates ſignificant ex quantitatibus quibuſcunque 
datis, & quantitate x utcunque conſtantes; & Curva abſcindet ſegmenta tria. 
Et ſi S data fit quantitas, contentum ſolidum illorum trium dabitur. Si Q fit 


5 


quarititas data, ſumma ttium illorum dabitur. Si QQ 2 R fit data quan- 4 
titas, ſumma quadratorum ex tribus illis dabitur. | 2 
Th: 2e of Flu- XII. Habes hic Methodum de Figurarum Curvilinearum Quadraturisz de 2 
xions in the $9 Solidorum Rotatione Plani genitorum eorumque ſuperficierum dimenſione 3 


lution 0 Gcome= 8 ; . . - . | . 
33 de Rectificatione Curvarum, deque Centri Gravitatis Calculo. Priuſquam, | 


by Mr. Ne. verum ulterius progrediar, hoc te monitum velim, me uſurpare illa, quæ de- 
„ maonſtravit Clariſſimus Newtonus, in pag. 251, 252 & 253. Prin. Phil. circa 


FFC 


p. 52. . : 

Mar, An. 1695. Momentanea Incrementa vel Decrementa Quantitatum quæ Fluxu continuo 
| | | | | | n . 

creſcunt vel decreſcunt, præſertim quod dignitatis cujuſcunque A, Momen - 

* n | 5 

f wa N | > N | 4 

tum fit — 4 A* 3 

Porro data Fluxione 3 A viciſſim reperiri poteſt Quantitas Fluens  Þ 

A, 1* tollendo à de Fluxione, 2 Fluxionis Indicem Unitate augendo, 30 de- 

nique Fluxionem dividendo per Indicem fic Unitate auctum. + 

Curvæ abſciſſa deſignabitur deinceps per , ejus Fluxio per x, ordinatim ; 

applicata per y, ejuſque Fluxio per 7. ; 

His poſitis ut ad Quadraturas deveniamus, 1% Aſſumatur valor ordinatim 5 

applicatæ ope Æquationis naturam Curvæ exprimentis. 2* Multiplicetur : 

hic valor per Fluxionem abſciſſæ; rectangulum hinc ortum erit Fluxio | 


Areæ. 3* Data Fluxione Areæ reperiatur quantitas Fluens, habebitur Area 
quæſita. 


= Proponatur æquatio * = y* cujuſyis Paraboloidos naturam exprimens, 
be 


valor ordinatim applicatæ j eſt x , qui fi multiplicetur per x, Rectangu- 
e lum 


e e Ran 
I On. og UE ac 
1 es . * - 14 * 2 7 


2 d x 
x, igitur 4 — 


eſt Portio ipſa, huic circumſcriptus Cylindrus eſt 4 - 


* 


8 5 ; | 1 
lum xd & erit Fluxio Areæ, proindeque Arca quæſita erit ee „ eu 


(poſito y pro T7 Gp * J. 


Rurſum proponatur Curva cujus Æquatio fit, &, + aaxx =p (illa 
ſcilicet quæ inter Exempla C. Craigi extat prima) aſſumpto x xx + aa = ,, 
Fluxio Areæ erit x x / xx Ad; cum autem ſub Radicalitate involvatur, 
ſupponatur y/'* A a, hinc x x + 4@ = 2*, ideoque x4 =2 25. 
poſitiſque 22 & z pro xx & V +844, Fluxio a Surdis liberata erit 
2* Z, quam fi ad Originem ſuam Z revocayerimus, repoſitoque y/x x -- 4a. 


pro 2, habebitur ** + aa y*x + aa pro Arca quæſita. 


Sed quo magis conſtet quam facili negotio conficiantur hujuſmodi Qua- 
draturæ, unum amplius Exemplum proferre viſum eſt; Aquatio Curve talis 
2 ö | . : 


| x ah a : . 8 of 
ſit x + = 5", igitur ) 6 PEW vp ideoque x +a eſt Fluxio 20 


8 1 0 ; 0 
reæ: ſupponatur /* @ = z, hincy r , && 22 &, itaque 
_— 22 2 — 2 4 2, ac proinde 3 23 — 2a ⁊ ſeu 3 x — 34 4 


Ir 
erit Area quæſita. 


Verum ſæpe accidit ut quædam Curvæ, quales Circulus, & Hyperbola, 
ejus naturz ſint, ut fruſtra tentaveris earum Fluxiones Surdis immunes facere; 
tunc valore ordinatæ in Seriem infinitam conjecto ſinguliſque hujus Seriei 
Terminis per Fluxionem abſciſſæ, ut ſupra, multiplicatis, reperiatur ſingulorum 


Terminorum Quantitas Fluens, orietur nova Series quæ Quadraturam Curvæ 


exhibebit. | 1 5 


Methodus hæc eadem facilitate ad Dimenſionem Solidorum a Plani circum- 
volutione genitorum accommodatur; nempe aſſumendo pro eorum Fluxione 
productum ex Fluxione abſciſſæ per Circulum Baſis; Ratio Quadrati ad Cir- 


© © . N . . 
culum ſibi inſcriptum vocetur +» Æquatio Circulo competens eſt yy Xx 


* — * 2 : 5 2 3 — 1 
eſt Fluxio Portionis Sphæræ, igitur 4 Ld en Ly 


— — we 


d x x - = 
, ideoq; Ratio 


Portionis Sphæræ ad circumſcriptum Cylindrum eſt ut 24 + » ad d—x. 


= ReRificatio 


Fg. 32. 


Fig, 33. 


xquatio ſupra inventa 21 * —2xx 295, fit y = 


(480) 
Rectificatio Curvarum obtinebitur, ſi Hypothenuſa Trianguli ReQanguli 


cujus latera ſunt Fluxiones abſciſſæ & ordinatæ tanquam Curvæ Fluxio con- 
. ſed curandum eſt ut in expreſſione iſtius Hy pothenuſæ, alterutra 
Fluxionum ſolummodo ſuperſit, ac una tantum Indeterminatarum, illa ſcilicet 
cujus Fluxio retinetur. Res Exemplis clarior fiet. 


Ex dato ſinu recto CB, arcum A C invenire, poſitis AB = x, CB == gy, 


OA =7; ſit CE Fluxio abſciſſæ, E D Fluxio ordinatim applicatæ, CD 
Fluxio Arcus C A; ex Circuli proprietate 27 x — *x = yy, unde 2 1 x 


2 =27), ideoque x ==, ſed C DT + is = 55 + 


— uk . 1 == y 6 F jy r ryy „ 185 1 , | | —— 
FF mw LF X + N * JI * T VOY rr _ yy I 181tur C D OE 
Do OO 15 5 5 . yy 
—==; ſed —= = factum eſt ex ſeu rr --= 
TT —))Y . rr—9 5 


in 7 yz proindeq; fir 7 — y | conjiciatur in Seriem infinitam cujus ſingula 
membra per y 7 multiplicentur, & ex unoquoque producto ad Quantitatem 
Fluentem fiat retrogreſſus, habebitur Longitudo arcus AC. 


Non abſimili modo ex dato Sinu Verſo reperietur idem arcus; Reſumatur 


Fx —NXNX 


a ee 


. | 2 9 


* 


1 : 54M SOR 0 — „ 7 * * r 27 X/ X * | * x & 8 
CDq=ir +55 A e =#4,+ 
rain —arxsn +OEX EL, a i | | 
> — mmm » feu (omnibus ſub eodem denominatore re- 


LIAN =* 


ductis, expunctiſque 11s quæ ſub diverſis ſignis continentur) = — 1 
| | 27 X - & 


unde C D = — , ideoque Longitudo arcus A C, per ea que 
7 8 | 9 | 
4 42lrkx — XX 4x4 pn 


jam dicta ſunt facile obtinebitur. 


Fluxio curve facilius interdum reperitur per comparationem inter Trian- 
gula ſimilia CE D, CB O; inſtitui enim poteſt hæc proportio CB: CO: : 
gs —_ wo... 
CE: CD, hoc elt, pro Circuloy/2r x — xx: r! 


Tr -* 


Curva Cycloidis eadem opera cognoſci poterit. Sit A LK ſemicyclois, cu- 
jus circulus genitor AD L. Aſſumpto in diametro AL quovis puncto B, duca- 
tur BI parallela Baſi LK, peripheriæ circuli in puncto D occurrens; com- 

5 | pleatur 


99-1 

pleatur rectangulum AE IB, ducaturque FH erectæ E! parallela, eidemque 
infinite vicina, B I productam ſecans in G, curvamque A K in H; ponatur 
AL d, AB= EI=x, GH =x; Notum elt rectam B G eſſe ubi— 
que aggregatum arcus AD & ſinus recti BD, hinc manifeſtum eſt Fluxio- 
nem 1 G eſſe aggregatum Fluxionum arcus AD & ſinus recti BD. Porro 


| zds 7 | | 
Fluxio arcus A D reperta eſt - * Fluxio autem Sinus Recti 

| T . igitur 1 — — Idea 
B D reperietur 4 igitur I G Port 7h idcoque 
IH, = 1 Go + GH 4, = D, Quamobrem I H = - 
VA -= * A x > op L 75 1 

Ar - 1K ad 1 Ny proindeque AI Sz d —.— 2 57 

dx = 2 AD. 


Hzc concluſio minimo cum labore deduci poteſt ex nota proprietate Tan- 
gentis; cum enim illius portiuncula IH ſemper ſit parallela chordæ A D, fit 


ut Triangula I GH, ABD fint ſimilia, unde AB: A D:: GH : IH, hoc 


* Vd x 
x 


eſt x: Vd x:: 1 — igitur 1H = 


1 1 F 
r di x x 


Sed nihil vetat quo minus adhibito Fluxionis I H auxiho, ipſam Cy- 
cloidis aream inveſtigemus. Fluxio Areæ A E I eſt rectangulum EI G 
d ** — * x | CEE. 


— == =x/4 x — xx, ſed Fluxio portionis ABD non alia eſt 


dx - A 


ab illa: Itaque Area AE I, correſpondenſque circuli portio ABD, ſemper 
ſunt aquales. ED 


Eſto A B curva Parabolæ cujus Axis A F, Parameter az Ponatur AE 


=», EB Y, AB = 2, BD =x DC , BA = E, aſſumpta 
æquatione Parabolæ naturam conſtituente, videlicet a x = yy, fit ax = 


2 y y, unde * = 127, ſed BCq BDT C D 9, hoc eſt à 2 = 


1 ; 82 © * 
Wy By 9? oy: x 4 446479 


„ ideoque & 


PF ˙²¹¹11 T ˙¹.m. N 

r vel, quod idem eſt, 481 ſi ergo 

* yy + 4 45 . 8 . . . . 8 | | | . A. 

3 in ſeriem infinitam transformetur, Curva A B haud difſi- 
2 | | : 


culter innoteſcet. 
= Inſuper 


Fg. 34 


Fig. 33. 


Fig. 32. | 


ordinatim applicata EG = x. 


kus Fluxione 4 £ 


638) 


Inſuper ſtatim apparet dato Hyperbolico ſpatio curvam hanc dari, & viciſ- 
ſim. Nam: a 2 = 5 Sy + 14a, ac proinde à a 2 = ſpatio cujus Flu- 


xio eſt} Ta a, ſed hujuſmodi ſpatium nihil aliud eſt quam Hyperbola 
æquilatera exterior AB E G, cujus ſemiaxis A B = a, abſciſſa A E = y, 


— 


Ad dimetiendam ſuperficiem converſione curvz circa ſuum Axem deſcri- 


ptam, aſſumi debet pro ejus Fluxione Cylindrica ſuperficies cujus altitudo 
eſt ipſa curvæ Fluxi 


uxio, cujuſque diſtantia ab Axe eſt ordinatim applicata huic 
Fluxioni conveniens. | 


Sit ex. gr. A C Circuli Arcus qui circa Axem A D revolvendo ſuperficiem 


Sphæricam generet, quamque dimetiri ſtatuamus; DC arcus Fluxio jam re- 


perta eſt 7 „ hanc ſi multiplicemus per Circumferentiam ad 


| . | . 5 C e P 35 | P | 
Radium B C pertinentem, hoc eſt þ y/ 27 x— xx (poſita ratione Circum- 
ferentiæ ad Radium = kf habebimus Fluxionem ſuperficiei Sphæricæ = 
c x3 adeoque ſuperficies ipſa eſt c x. 


Ad centra gravitatis quod attinet, reperta Superficiei Solidive Fluxione, 


hacque ducta in ſuam a Vertice diſtantiam, ad quantitatem Fluentem recur- 
rendum eſt: qua diviſa per Superficiem ipſam Solidumve ipſum, prodibit di- 
ſtantia Centri Gravitatis a Vertice. . 


Inveniendum ſit Centrum Gravitatis omnium Paraboloidum; horum Fluxio 


| m 
ſic generaliter exprimitur x * x, hanc multiplica per x, fit x*** x cujus 
7 | 


quantitatem Fluentem 
 W-Z# 


SH, divide per Paraboloidos Aream, puta 
: ; 
* 


2 4 / { 0 © | N | 2 . . ® # * . * 
** .; prodibit 2 — ws diſtantia Centri Gravitatis a Vertice. 


Centrum Gravitatis in Portione Sphæræ eodem modo colligitur, namque il- 


d * * — * * 


* x — * 
——— in x ducta, fit 4 — ; cujus quan- 


Ida = x 5 2 | 
- per Portionis Soliditatem diviſa , puta 


Iixx —TI,S 5 
4 — —, exhibet ? 
= 


titas Fluens 4 


* 


4 — 3 * 


4 — x Diſtantiam Cen- 


64 — 4 


5 x, ſeu 


4 * 
. » 8 \ : . 
tri Grayitatis a Vertice. 


— 
d —=x 


XIII. 1. Prop: 


„„ ( 39 ) 


XIII. 1. Prop. I. Probl. } JInvenire relationem inter Fluxionem Axeos & Th, cans : by 
 Fluxionem Ordinate in Curva Catenaria. | Dr, Dav. Gre- 

| | gory, n. 231. 

Sit Catena F A D ab extremitatibus F & D dependens, cujus punctum inn. 
imum (ſeu Curvæ vertex) A, Axis AB ad horizontem erectus, eique appli- Fig. 364 
cata BD horizonti parallela. Invenienda eſt relatio inter B &, ſeu D & 49; 
poſito þ puncto ipſi B proximo, & bd ad BD, item D& ad BA parallela. 


Ex Mechanicis conſtat potentias tres in æquilibrio poſitas eandem habere 
rationem cum rectis tribus ad ipſarum directiones parallelis, vel in dato angulo 
inclinatis, a mutuo occurſu terminatis; adeoque ſi Dd exponat gravitatem ab- 
ſolutam particulæ D 4 (ut in Catena æqualiter craſſa rice fit) 4% repraſenta- 

bit gravitatis partem eam qua normaliter in Du agit, quaque fir ut 4 D (ob 
Catenæ flexilitatem circa d mobilis) in ſitum verticalem ſe componere cone- 
tur. Adeoque ſi , (five fluxio ordinatæ B D) conſtans fit ; gravitatis actio 
in partes correſpondentes Catenæ D 4 normaliter exerta etiam conſtans erit 
ſive ubique eadem. Exponatur hæc per Rectam a. Porro ex ſupracitato 
Lemmate Mechanico, D & ſive fluxio axeos AB, exponet vim ſecundum di- 
{> rectionem ipſius 4D exerendam, quæ priori conatui Line gravis 4 D ad 
componendam ſe in ſitum verticalem æquipolleat, eumque impedire poſſit. 
J Hac vero vis oritur a linea gravi D A ſecundum directionem 4 D trahente; 
eſtque proinde (cæteris manentibus) lineæ D A proportionalis. Eſt igitur 


Vd fluxio ordinatz ad D fluxionem abſciſſæ, ſicut conſtans recta a ad D A. 
curvam. ©. E. F. 


CO RO LJ Si recta T D tangat Catenariam, & axi B A producto occur- 
rat in T, err BD: B T:: (d : D:: ) a: DA Curvam. 


Prop. II. Theorem. ] Si ad perpendiculum A B tanquam axem, vertice A, de- 
ſcribatur hyperbola æquilatera A H, cujus ſemiaxis A C equalis a; & ad eundem 
axem & verticem, parabola A P cujus parameter æqualis quadrupulo axi Hyper- 
bole, & producatur ſemper hyperbole ordinata HB, donec HF equalis Curve 
AP: Dico Curvam FA D, in quo punita F & D verſantur (poſitis B D, BF 

equalibus) efſe Catenariam. | Gs 


Vocetur AB, x, erit B' == * & BHV ax N. Unde ex Me. 
3 : ; | = ax + xx 
thodo Fluxionum, Fluxio ipſius B H (five mh) = — = 3 rurſus 

| N  vV2axm4+ x 


quia parabolæ A P parameter = 8 a, erit BP — 8a x, unde up (hoc 
| 24x 


IEEE Quare Fluxio Curvæ AP (PD 
ax 


eſt. Fluxio ipſius B P) æqualis 


—_— np q + P x 7 = LEE ; 85 == * 4. _ =P 5: que ducen- 


I N 


4 2ax+ x 


(40) „ 
. 


do tam numeratorem quam denominatorem in y/ 2 4 -þ . = 


. Va x I 
Et cum HE fit ubique = AP, erit Fluxio H F rectæ, hoc eſt mb + sf 
0 * | PER 5 . 
= — — . Sed hactenus inventa eſt 1 þ = 2 be kl : . . Unde 
Max u Max | 


FR five Fluxio ipſius B F ordinatæ ad axem Catenariz, eſt æqualis 


ntl = Pe igitur Fluxio Curve AF (live ipſa FF = "T7 +£E 57 


4. 22 3 
—— LEE 7 + .* = ==, cujus fluens modo oſtenſa eſt 


Narr. Et igitur AF = Mar FN. Patetque fluxionem ordi- 
natæ B F five —ʒ eſſe ad x fluxionem abſciſſæ A B, ſicut data a 
of 4830" 1 8 e | 

ad Curvam A F, quæ eſt ſuperius inventa Catenariz proprietas. Igitur 
Catenariæ puncta recte determinantur, per præcedentem conſtructionem. 
9. E. D. | 


COROL. I.] Ex Conſtructione patet B F ordinatam Catenariæ æquari 
Curvæ parabolicæ AP, dempta BH correſpondente ordinata hyperbolæ con- 
terminatæ A H. . 


2. Ex demonſtratione conſtat Catenariam Curvam AF æquari B H corre- 
ſpondenti ordinatæ conterminæ Hyperbolæ æquilateræ. Cum enim harum 


linearum Fluxiones æquenter & ſimul naſcantur ipſe lineæ, patet illas ubique 


eſſe æquales. Unde data Catena, dabitur A C ſive a, quippe æqualis ſemi- 


axi Hyperbolæ æqualateræ cujus vertex A, & ordinata ad abſciſſam A B ca- 
tenæ AD eſt æqualis. 


3. Catenariæ omnes ſunt inter ſe ſimiles, cum ex ſimili ſimilium, & ſimi- 
liter poſitarum figurarum conſtructione generentur. Unde duæ rectæ ad Ho- 
rizontem ſimiliter inclinatæ per Catenarum vertices ductæ abſcindent figuras 
ſimiles & Catenarum portiones abſcindentibus rectis proportionales. . 


4. Si Catena Q AD ſuſpendatur à punctis Q& D inæqualiter altis, Curvæ 
pars FAD cadem manet, ac ſi ex punctis æquialtis F & D eſſet ſuſpenſa; 


quoniam nihil refert utrum punctum F affixum fit vel non affixum ad planum 


verticale. 


5. Si Catenæ vis trahens ſecundum directionem 4 D, exponatur per Da, 
dividetur, ut vulgo notum in vim ut 4 4 ſecundum directionem horizontalem, 


& vim ut P, ſecundum directionem verticalem: Igitur vis in Catenæ extre- 


mo 


(41) 


mo directe accedendi ad axem, eſt, ad vim in eodem deſcendendi ſecundum 


perpendiculum; five vis ſuſtinentis pars ſecundum directionem B D agens, 


eſt ad ejuſdem partem ſecundum directionem D & agentem, Tut ſemi-axis 
Hyperbolæ conterminæ A H ad D A, longitudinem Catenæ uſque ad 
verticem Curvz: Unde data Catena ratio hæc datur. Et in eadem Ca- 
tena nunc magis nunc minus laxe ſuſpenſa, vis iſta Horizontalis eſt ut 
Hyperbolæ conterminz axis, cum D A eadem maneat ft extrema zqui- 
alta ſint. : 1 6 

6. Catena in Plano verticali, ſed ſitu inverſo, figuram ſervat nec decidit, 
adeoque arcum ſeu fornicem facit tenuiſſinum: Hoc eſt, Sphæræ minimæ rigi- 
dx & lubricæ in inverſa Curva Catenaria diſpoſitæ, arcum conſtituunt, cujus 
nulla pars ab aliis extrorſum vel introrſum propellitur; ſed manentibus infimis 
punctis immotis, virtute ſuæ figuræ ſuſtinetur. Cum enim punctorum Cur- 
ve Catenariz ſitus, partiumque inclinatio ad Horizontem eadem fit, five in 
ſitu FAD, five in ſitu inverſo, dummodo Curva fit in plano ad Hori- 
zontem recto, patet illam æque ſervare figuram immutatam in uno ſitu ac in 
altero. Et è converſo, ſolæ Catenariæ ſunt fornices ſive arcus legitimi: Et 
cujuſcunque alterius figuræ arcus ideo ſuſtinetur, quod in illius craſſitie quæ- 
dam Catenaria incluſa fit: Neque, fi tenuiſſimus eſſet, parteſque haberet lu— 
bricas, ſuſtineretur. Ex præcedente Corol. . colligitur, quali vi arcus muros 

uibus inſiſtit extra propellit; nempe hc eadem eſt cum parte vis Catena 
ſuſtinentis quæ ſecundum directionem Horizontalem trahit. Quæ enim in 


Catena introrſum trahit vis, in arcu Catenæ æquali, extrorſum propellit. Alia 
omnia de murorum quibus fornices imponuntur firmitate requiſita, ex hac 


theoria Geometrice determinantur, quæ in ædificiorum extructione præcipua 
ſunt. e : 8 * 


7. Si loco gravitatis alia quælibet vis ſimiliter agens in lineam flexilem 


vires ſuas exerat, eadem producetur linea; v. g. Si ventus æquabilis ſuppo- 


natur, & ſecundum rectas datæ poſitione rectæ) parallelas ſpirans, linea vento 
inflata eadem erit cum Catenaria. Nam cum omnia quæ in gravitate conſi- 
deravimus, in altera hac vi obtineant, patet candem Curvam productum iri. 


Prop. 3. Theorem.] Si manente predifia Hyperbola A V, per A 3 


recta & AL Axi AB normalis, & deſcribatur Curva K R ejus nature, ut BN 


fit tertia proportionalis rectis B H AC, & ad AC applicetur rectangulum AV 
equale [patio interminato ABKRL A, erit F concurſus reffarum HB, VG ad 
Catenariam. 5 | ne 


Nam * conſtructione eſt B K = = — = quare fluxio ſpatii 
* 2a x + * 5 
ABKRLA =(BK kb = BK BUY = Cumaque 


2 a x T* 


— 


Fig. 37, 


( 42) 


a= — 


BF = ſpatio TRE: 5 „ & AC dewur,, erit duni ipſius BP = 
fluxioni ſpatii AB RE = A = F * = T A Sed in besen Prop. 
conſtructione, fluxio ordinat æ B F = F 1 Quare hæc conſtru- 


Rio eodem redit cum conſtructione Prop. Præcedentis; z: & conſequenter pun- 
ctum F eſt ad Catenariam. . E DP. 


COROL, Sicut in Prop. pr xced. Catenaria deſcribitur ex data longitu- 
dine Curvæ Parabolicz, ita in hac, illius deſcriptio pendet a quadratura ſpatii 


n 
in quo G24 Nam (five BK) = OW 
Fig. 36. Prop. 4. Theor.] Spatium AG F ſub C Catenaria A F & Reftis F G, A 
ad A B, B F parallelis comprehenſum, æquale eſt rectangulo ſub ſemi-axe AC, 
& D H intervallo applicatarum in Hyperbola & Catenaria.— 
So © Ty = 
Nam D H =BH—BD= ex P 1 h — 
am ( 2 rop. ujus, ＋ i 
FL, =) = ==. Quare fluxio reQtanguli ſub data A C 
Ties T 7 72 f . Uare uxio re "0" L ata 
a * * ax 3 5 
& HD = = — = 4 
= (= NIN * 1 fs xF G =) fluxi 


Oni ſpatii 40 Cumque figuræ he fimul naſcantur, ſequitur rectangulum 
tub AC& DH zquari patio AGF. , E. D. 


(ORO Hinc ſequitur, ſpatium FAD, ſub nens FAD, & A 


Horizontali FD comprehenſum, æquari rectangulo ſub FD & B A, dempto 


rectangulo ſub Hyperbolæ AH axe alterutro, & D H exceſſu rectæ BH, 


\ 
\ 
\ 
\ 
\ 


Ls 
Fig. 36, 


5 


eſt tt fuxioni ſpat ALH fire BHx HL; quiaF A, BH, item FG & HL 


vel Curvz AD, Tn ordinatam BD. 


Prop. 5. Theor. Sad reftam A L, applicetur Reftaneulum L E, æquale 
* Hyperbolico A LV, erit E centrum — Curve Catenariæ 4 F D. 


Concipiatur curva gravis F A librari ſuper axe G 8 Centrobarycis 
conſtat momentum gravis F A exponi per ſuperficiem Cylindrici recti ſuper 


F A erecti, & reſecti plano per GL tranſeunte, cum plano Curvæ angulum 
ſemi· rectum faciente. Et hujus ſuperficiei fluxio, five F A x F G, æqualis 


qtlantur. 
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; proportionalia. Nam fluxio ſpatii A LH == ( 


7 (43) 
æquantur. Ac propterea (cum ſimul naſcantur) dicta ſuperficies Cylindrici 
recti xqualis eſt fpatio Hyperbolico AL H. Hoc proinde applicatum ad ip- 
ſum grave AP, vel illi æqualem rectam A L., facit latitudinem A E æqua- 
lem diſtantiæ centri gravitatis ab axe librationis G L. Unde Curvz F A D, 
. E. B ad utramque Axeos A B partem jacentis, centrum æquilibrii eſt E. 


CO ROL. 1.] Spatia AB HL, B AH, & A G F ſunt Arithmetice 


ax + * 


4 


N= 


TE... 


ar + i 


—— 


2ax + — ax XN K* 


f/2an + _ 


a * * 


7 


ax T N * * 
2 


tax + xo 


AGF ={(ALH=) BL — BAH. Quare 2B AH = BL＋ AGE. Un- 
de ſequitur ſpatia BL, BAH & AGF eſſe in proportione Arithmetica. 


2. Catenæ centrum gravitatis eſt omnium linearum ejuſdem Longitudinis, 


eoſdemque terminos habentium, infimum. Nam tantum deſcendet grave 
quantum poteſt. Cumque tantum deſcendat figura, quantum ejus centrum 


gravitatis deſcendit, ſe fic diſponet linea gravis flexilis, ut ejus centrum gravi- 
tatis ſit inferius quam ſi aliam quamcunque figuram indueret. Atque ex hoc 
Symptomate lineæ gravis flexilis, reliqua omnia facile deduci poſſent. 


3. Si ſuper quaſcunque Curvas eandem longitudinem eoſdem terminos 


D & F cum Catenaria FAD habentes, erecti Cylindrici recti ſecentur plano 


per D F tranſeunte; ſuperficierum Cylindricarum ſic reſectarum maxima eſt 
quæ ſuper Catenariam inſiſtit. Hæ enim ſuperficies (ſi angulus ſub planis fu- 
erit ſemirectus) ad ipſas Curvas (quæ ſunt in caſu præſenti longitudinis ejuſ- 
dem) applicatæ, jatitudines faciunt æquales diſtantiis centrorum gravitatis 
Curvarum a D F recta. Cum diſtantia hæc fit in Catenaria maxima (ob 
maximum deſcenſum centri gravitatis) erit Cylindrica ſuperficies applicanda 
etiam maxima. Et quoniam ſuperficierum Cylindricarum reſectarum plano, 


cum plano baſeos angulum quemvis continente, eadem eſt ratio, atque cum 


dictus angulus eſt ſemirectus, patet propoſitum univerſaliter. 


LEMM A.] Si in cujuſvis Curve A O, deſcriptæ evolutione alterius Cur- 
oe RV, ordinatam quamvis FB ad axem AB normalem, a correſpondente in & 


puncto V demittatur normalis VR ordinate occurrens in R; erunt, manente flux- 


zone axeos A B eadem, fluxio fluxionis ordinate BF, fluxio Curve AF, & retla 
F R, continue proportionales. 


G 2 Producatur 


* — x a + ** — 


. : ＋ 2 =) fluxioni ſpatii B A H, multatz Fluxione ſpatii A G F, 
* | 


per Prop. 4. hujus. Cumque hw tres figurz ſimul naſcantur, erit BAH — 


Fg. 36 


Fig. 36. | 


os 


Producatur rectula F, donec proximæ ordinatæ W g occurrat in o. Et 
2 ex hypotheſi Fs = f W, erit of = F , adeoque og erit fluxio ip- 
ius fs, hoc eſt fluxio fluxionis ordinatæ. Porro triangula og /, f FR ſunt 
æquiangula, quia og f = alterno f FR, & fog = (Ffr=) F R, quia il- 
lorum intervallum Rx alterutrius reſpectu evaneſcit, cum Re pra Vr nulla 
fit. Et igitur og: f:: F: FR; ſedpf, F F xquales ſunt, cum fluxione 
utriuſvis tantum differant. Quare o: F F:: F: FR. ; E. D). 


prop. 6. Probl.] Iuvenire Curvam K V cujus evolutione Catenaria A F 
deſeribitur. i 


Vocetur ut prius A B, x, item BF, 3. Eſt, ex Prop. 2. hujus, j = 
AX | | 1 13 a \ NED" 
Wi . 74 ſive 2axj* + £5* = & x*. Quare, per ſatis nunc u- 


ſurpatam Newtoni methodum, 2a *) + 4a ) + 2K K + 2 py 


FR = ( = 2 


(S 24 x x quæ, propter x So, cum conſtans x non fluat) = o. Quare 
— 42 — X35 r 15 


3 =) = = —_=—_ onendo 
N . ) 2ax TN xX/2ax + x* ? P | 


loco 5 ejus valorem Fs = ID (Nam ſignum — quantitati q præ- 
fixum, tantum denotat locum puncti R ex F ſpectati, oppoſitum eſſe loco 
puncti F ex B ſpectati, cum Curva AFQ eſt cava verſus axem AB) & Ff 
C Fe © nt 2.5.8 


per Prop. 2. hujus, = TOES oa Quare per precedens Lemma, 


FFT L 2ox+xixy2ax+ x 


TX 2 4 * ＋ x. 8 FIT a TA N 4K 5 
a + — * * 2 2 * ＋ x Rurſus ob triangula rectangula F, F RV. 
habentia angulos F F 5, VF R aquales, quia Vs eſt . comple- 
mentum ad rectum, eſt Fs:5f::FR:;VR, five &: — 


» 
— . 


/ 2ax + * 


— * 


a 7 X Tax 2 ** - 4 - 1 7 75 ' . 5 5 
. L : VR, quæ proinde æqualis a . Hæc igitur eſt 


natura Curvæ K V, ut ſi AB vocetur , crit FR = — y — 


2 


3 


& VRS AA., AHP. 
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BAH, Nam FR AC = 4-* a ＋ * 9 24 x + * 


( 45) 


| COROL. 1. ] AC: CB::BH: FR. Hæc enim weſt proprietas rect 
ER ſuperius inventa. 


2. Recta CB xqualis eſt rectæ BI, five VR. Es enim eſt æqualis 
4 T K. 
Recta evolvens VF, eſt tertia proportionalis ipſis AC, CB. Nam 


= æquiangula triangula F 5, „ FP ih Fi K. VF. Sive 


a * 83 - NV. 246X RK ü 
ki — * — x; 0 | Fi VF, quæ proinde = 2 


Kal; . Undea:a+x::a4+x: V F, quæ præterea eſt radius cireuli 


. in F æquicurvi. 


4. Cum punctum F eſt in A, five cum vertex evolutione an, id 
eſt cum x = o, valor evolventis rectæ VF, quæ in hoc caſu eſt K A, nempe 


— . fiet a: hoc eſt punctum K, ubi Curva VK occurrit axi, tantum 


extat ſupra Catenæ verticem A, quantum C deprimitur infra eundem. Unde 


diameter circuli, Catenz ad verticem æquicurvi, . 0 eſt axi conterminæ 


Hyperbolæ A H. Adeoque Catenæ AD & Hyperbolæ AH eadem eſt cur- 


vatura in vertice A: Nam vulgo notum eſt circulum prædictum, Hyperbolæ 


æquilateræ A H in vertice A æquicurvum eſſe. Sed & hoc aliunde, ex ipſa 


Catenæ natura Prop. 2. an e demonſtrata, conſtat. Nam naſcens FH five 


(A P naſcenti BP =) / Bax, dupla eſt naſcentis BH five (y/2 a x Þ TT 


hoc eſt, evaneſcente x, cum x minima fit) / 2 4 x; Et igitur idem pundtum 
eſt tam in naſcente Hyper bola quam naſcente Catenaria; hoc eſt naſcens Hy- 


perbola AH cum naſcente Catenaria A D coincidit, & Na æquicurvæ 
ſunt hæ lineæ ad verticem A. 


Curva K V tertia proportionalis ad rectam A C & curvam A F ſive 
rectam AL. Ex natura enim evolutionis, KV = (VXA =KA=VF 
— 4 =) 


KA ee, e . Ec 


— 42 == 
igitur 4 ey 2ax + * / T4 1 ＋ * K V. Sed /* L 4 x o..X% Cx 


20x46 


Corol. 2. Prop. 2. AF. Unde AC: AF: 15 K V. 


6. Recta KI dupla eſt ipſius AB. Cum enim B ] = B C=) CA 


+ AB, crit AI CA ＋ 2 AB; At AK = AC, per Corol. 4. hu- 
jus; igitur K 1 = 2 AB. 


rh Rectangulum ſub Ac & B R eſt quale duplo ſpatio n 


K 4 4 +4 x 


tax + 


a 


Fig. 38. 


| (4 ES 
Tar. N TAN wn a TTA | x = A Bx BH 
+ ACx BHS) ABx BH+ACx BD+AC+DH. Quare 
FRxAC—BDxXAC, hocet BRxAC=ABxBH+ACxDH. 


Sed per Prop. 4. hujus, ACx DH = AGF ſpatio. Et igitur BRx AC 
= (ABHL + AGF = per Corol. 1. Prop. J.) 2 BAH. 


Prop. 7. Theor.} Si in Curva Logarithmica L A G cujus data ſubtangens HS 
equalis rectæ a, Corol. 2. Prop. 2. hujus definitæ, ſumatur punctum A cujus 
diſtantia ab H aſymptoto, nempe AC, equalis ſit ſubtangenti 11 &, & ex pun- 
dis 11 & P utcunque in aſymptoto ſumptis d puncto C equaliter diſtantibus, ert- 
gantur HL, P G ordinate ad Logarithmicam, quarum ſemiſummæ ponatur æqua- 


lis H vel PF, erunt D & F ad Catenariam rectæ AC correſpondentem. 


Vocetur A B, x, adeoque CB vel DH ſemiſumma ordinataram HE, PG 


erit 4 + x; ſemidifferentia earundem vocetur y. Unde HL =a +x +9, 
&PG=a+x—y. Cumque ex natura Logarithmicæ, CA fit inter has 
media proportionalis, erit * + 2ax — 3 = 4. Unde y = 


/ 2ax% N. Adeoque HE =a + x + /2ax+ x, & PG 


4 ＋ X - 4 * + x: Quare fluxio ipſius H L, five ipſa I n, eſt 


4 * TAN + Xy/2ax + x* 


IT TO — Et ob zquiangula triangula I'm L, 
ax tx ; 


LHS, et LH: HS:: In: L]; unde mL five d fluxio ipſius BD = 


A Xx 


3 = Hoc eſt Curva A D ex Logarithmica ſupradifto modo 


genita, ejus eſt naturæ, ut ſi axis vocetur x, ejuſque fluxio x, fluxio ordina- 
tz B D fit Sed hæc ipſa eſt proprietas Catenariæ ad quam 
| y/ 2.4 x UN AN | 1255 | 5 
a pertinet, Prop. 1. hujus demonſtrata. Ergo Curva FA ſuperius deſcripta 
eſt hæc ipſa Catenaria. ©. E. D. £ . 8 


CO ROL. 1.] Sicut ope Logarithmorum Catenaria deſcribitur, vice 
verſa ope Catenariæ per ipſam rerum naturam productæ, numeri dati vel po- 


tius rationis date Logarithmus invenitur. Ut fi poſita CA unitate, cujus 


Logarithmus eſt nihilo æqualis, quæratur Logarithmus Numeri C Q five ra- 
tionis inter CA & CQ, Rectis C Q& CA tertia proportionalis fit C V, ip- 
farumque C Q, CV femiſumma CB; ex B ordinata ad Catenariam, nempe 


Bo eſt Logarithmus quæſitus. Ratio ex propoſitione manifeſta eſt. 


2. Viciſſim ſi dato Logarithmo CH vel CP, quæratur correſpondens nu- 
merus H L vel P G, ſeu ratio HL ad CA, five PG ad CA. Ex H vel 
P erigatur perpendiculum Catenæ occurrens in D vel F, ipſique H D vel 
PF hoc eſt CB, fiat æqualis C R ad horizontalem A R terminata; N 


ä 647) 
A R {emidifferentia quæſitarum LH, GP, ſicut ex ſupra demonſtrata Cate- 
nz natura H D vel CR eſt earundem ſemiſumma: (Nam in tribus quantitati- 
bus Geometrice proportionalibus quales ſunt HL, CA, PG, quadratum ſe- 
miſummæ extremarum multatum quadrato mediæ, æquatur quadrato femi- 
differentiæ extremarum) adeoque CR + AR, & CR — AR ſunt numeri 
HL vel GP, dato Logarithmo CH vel CP congrui. 

3. Ex demonſtratione patet quod ſicut HD ſemiſumma Logarithmicæ or- 
dinatarum HL, PG, ad CH normaliter applicata in H, eſt ordinata Catena- 
riæ, {ic ſemidifferentia earundem H L, PG, ad CA normaliter applicata in 

B eſt ordinata Hyperbolæ æquilateræ centro C vertice A deſcriptæ: ac pro- 
= inde, per Corol. 2. Prop. 2. hujus, æqualis Catenz A D. Nam y = 
4 y 2.4% T. Cumque Corol. præced. oſtenſum fit, AR eſſe etiam ſemi- 
differentiam rectarum HL, PC, patet A R eſſe æqualem Catenariæ portiont 

A D. Unde obiter eluceſcit modus, data Catena A D, inveniendi C centrum 

Hyperbolæ conterminæ, vel punctum in aſymptoto Logarithmieæ GL. Nam 

fi ſumatur AR æqualis Catenæ AD, & ex junctæ rectæ B R puncto medio 

erigatur ad ipſam B R normalis, hæc occurret B A axi Catenæ in quæſito 
puncto C, uti patet. Nam fic erit CR CB. nk 

4. Hinc etiam ſequitur, ſi BD T, angulus, fiat æqualis ACR, rectam DT 
tangere Catenariam in D. Nam fic fiet in triangulis æquiangulis DBT, 

CAR; DB: BT :: CA: AR five huic æqualem AD curvam. Et igitur 

per Corol. Prop. x. hujus, DT tangit Catenariam. FE 

5. Sequitur etiam ſpatium ACH D æquari rectangulo ſub CA & AR. 

Nam quoniam AD eft, per Prop. 4. æquale triangulo ſub CA & (AD 

—BD=, per Coro). 3. hujus Prop. AR—AY =) VR, patet propoſitum. 
Et quoniam CA datur, conſtat ſpatium ACH eſſe ſicut AD curva, illi- 
uſque fluxionem H d ſicut Dd fluxio hujus. 1 . 

6. Si per punctum K, ubi C R ſecat NH D, ducatur K Z parallela PH, re- 

&x AC occurrens in Z, ſumaturque CE æqualis ſemiſummæ ipſarum B C, 

_ CZ, erit E centrum Æquilibrii Curve F AD. To | 
Intelligatur ſuper F AD erecta ſuperficies Cylindrici recti reſecti plano per 

P H ad angulos ſemirectos cum plano Curvæ FAD; exponet hæc ſuperh- 

cies momentum Curvæ F A D ſuper axe P H libratæ, ejuſque fluxio eſt. 


Fiber rer F CAD = 1% 7ÞTT _—=— 
| 1 Vax＋ xz 
Ry 2 4¹ x LTZ TLZ — \ x a T4 


4 2ax + x* / 2ax X.. „2 4 x + x: 
LL 2 * =, cujus fluens a B DAY ZAR N EV 2a x+ x» 
Vꝛ2z a þ+ »* | | | 
=CAxkBD+CBxAD. QurmeCA+BD-+CBxKxAD:' 
= (quoniam ſimul naſcitur, diftz ſuperficiei Cylindricæ S) momento 
Curvæ F A D fuper axe P H libratæ. Unde diſtantia centri gravi- 
— - tatis > 


—— : 
— — ADA tt > — —— 


prehendente; exponet iſtud folidum momentum figuræ PF A D H ſuper 


. 1 
rity C KR NA pages C ei Sm 
+ :. CB. Porro ob Z K parallelam A R, eſt AD : BD:: (AR: Z K:) 


r e 


CA: CZ, unde CZ = . & igitur C E quæ per conſtructionem 
eſt 2 B Ce, erit = 4 Der BC: hoc eſt Curvæ 


F AD centrum gravitatis, & E punctum ex conſtructione definitum æquali- 
ter diſtant à C; ſed & in eadem recta & verſus eaſdem partes ſita ſunt, ergo 
coincidunt illa. 

Poteſt & coincidentia puncti E, ut ſupra determinati, cum centro æ- 
quilibrii, Prop. J. hujus definito, Synthetice fic oſtendi. Per Corol. 1. Prop. 7. 
2BAX = AYD + BA x AR. Unde AH 2BAX = (ACHD 
+ BA x AR S per præced. Corol.) AR x CA + BA x AR: hoc eſt 
BD x AC + 2BAX = AR x CB; five BD Xx AC = AR x CB 
— 2B AX. UndeBD x AC +ADx BC (AD x BC + AR x 
CB — 2BAX = 2AD x BC — zBAX =) 2 AD x ACT 2zAD 
x AB — 2 BAX. Et applicando ad 2 AD, erit - * +2BC 


| AD 
2 AB AD —BAX _ ARX ARX 
= (AC + - I” - =) CA 1 Sed T lt 
di ſtantia centri æquilibrii Catenæ à vertice A, per Prop. J. hujus determina» | 
ta, ac proinde, ſecundum dictam Prop. 5. C A + A 
Ri EA C. & NB B C eſt ejusdem E diſtantia ab codem C, 
ſecundum hoc Corol. 6. Unde patet duas iſtas determinationes puncti E eo- 


ARX BD NAC | 
n 


eſt diſtantia pun- 


U 


dem recidere, quoniam CA + 


F. Spatii PF, ADH centrum gravitatis eſt in I, medio puncto rectæ CE, 
Cim centrum gravitatis fluxionis ipſius AD, five Dd & F,, duplo magis 
diſtet a. PH quam centrum gravitatis fluxionis ipſius AC HD five DH hd 


& FP pf, & Dd +Ff x A C datam, æquale DAH + FVP pater 
& fluentis FAD centrum gravitatis E duplo magis diſtare a PH, quam 
fluentis PF AD H centrum I. Sed libet propoſitum aliter & ad modum ſu- 
periorum oſtendere. 5 Y | Pon = 

Intelligatur ſupra figura PF A D H erectus Cylindricus rectus & reſe- 
Ctus plano per PH tranſeunte, cum plano baſeos angulum ſemirectum com- 


axe 


2 br * ol 33, 
* * Py 
9 re 
h {A ar 
* * 


- 7 
1 \ 
| . 
12 
$> 
. 
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ans PH libratæ: hujuſque ſolidi five prædicti momenti fluxio | (folida nempe 


erecta ſuper PFfp&HD4 +) producitur, fi momentum fluxionis, five 
Auxio momenti ipſius AD, ducatur in = AC datam. Nam per Corol. y. hu- 
jus Prop. HD dh Dad x AC; Quare ipſum momentum fluens produci- 
tur ducendo momentum Curvzz FAD, reſpectu axis PH, ſuperiore Corol. 
determinatum, nempe CAxBD + CBxAD, in+AC; eritque pro- 
inde ACX ACxBD FAC CBx AD. Adeoque ſi hoc applice- 
tur ad figuram libratam PF ADH, five 2CA x AD, per hujus ! Prop. Co- 
rol, J. fiet diſtantia centri gravitatis figuræ PF AD H ab axe PH = 
„ CAxBD 


CC ORD T 


z CB=) dimidiæ rectæ CE ſuperius determinatæ. 


8. Si per N punctum, ubi DT tangens Catenariam in D, ſecat AR, du- 
catur recta parallela ipſi B C, occurrens rectæ per E ad A R parallelæ in 
O; erit O centrum gravitatis Curvz AD. Nam per Corol. 6. centrum gra- 
vitatis curvæ AD eſt in recta EO; ed demonſtrabitur illud eſſe in N O recta, 
& proinde erit ipſum O punctum. Intelligatur D A librari circa HL axem; 
hujus momentum eſt curva D A ducta in diſtantiam centri gravitatis ab HL : 
& ejus proinde fluxio = DA x Hh (Hh eſt fluxio diſtantiæ axis libratio- 
nis 2 gravitatis centro )=y/ 2ax + x* x 2 = _ a x. Ac pro- 
inde ipſum momentum Curvæ gravis D A circa axem H L libratæ = à x. 
Et igitur diſtantia centri gravitatis ab eodem axe elt à x applicata ad A D, 
hive N 4 Sed quia DT tangit Catenariam, per Corol. 4. hujus Prop. 
angulus B D T five DNY ACR, & anguli ad A & Y ſunt recti; quare 
in triangulis æquiangulis RAC, DYN; RA: AC:: DV: IN. Unde 
IN — 2, hoc eſt VN eſt diſtantia centri gravitatis Catenæ AD 
ab axe HL, ſive centrum prædictum eſt in recta NO. 


9. Si ſuper I ducatur recta ad AR parallela, re&tz O N productæ occur- 
rens in W, erit W centrum gravitatis ſpatii AC HD. Nam per Corol. 7. 
centrum gravitatis ſpatii A CH D eſt in recta I W, ſed ut mox oſtendetur, 
eſt in N H, & proinde eſt ipſum W punctum. Eodem enim modo, quo in 
Corol. præced. fluxio momenti ſpatii ACH D circa HL librati oftenditur 


eſſe A CH DHI = ACX AD HHR A VITA * + = 
. Ac proinde ipſum momentum ſpatii ACH 
VZaYT TX | nh | 
circa axem H L librati, æquale eſt fluenti cujus a 2 # eſt Fluxio, hoc eſt, ipſi 
a: x. Hoc igitur applicatum ad ipſum ſpatium ACHD five a x y/ 2 a x + x: 
1 a * 


1 ES 1 Gigi = —— 
Jat diſtantiam centri gravitatis ſpatii ACHD ab HL = — 
Vo. I. 8 | * 


( 50 ) 
| | 4 ei AGLXIDY 93 
r Sed Corol. præced. oſtenſa eſt Y N = f Et igi- 


tur centrum gravitatis ſpatii A CHD eſt in NW. Atque ex duobus hiſce 
ultimis Corol. invenitur centrum gravitatis cujuſvis portionis Catenæ etiam 
ad verticem A non pertingentis; vel cujuſvis ſpatii Catenariæ portione qua- 
vis, & aliis rectis præter prædictas comprehenſi. 


10. Hine menſurantur ſuperficies & ſolida genita rotatione Catenæ aut ſpatii 
ſub illa & rectis comprehenſi, circa axes datos. Nam figura rotatione genita 
æquatur, uti vulgo notum, figuræ rotatæ ductæ in peripheriam à centro gra- 
vitatis inter rotandum percurſam, etiam datam, cum detur illius radius ſive 


diſtantia centri gravitatis ab axe dato. Sic ſi Catena A D rotetur circa axem 


| E . . « . 7 o 
AB, T AN eſt peripheria a centro gravitatis O percurſa, ( denotat rati- 
t e : 


onem peripheriæ circuli ad ſemidiametrum) adeoque ſuperficies rotatione Ca- 


ene AD genita = (Z x AN * AD Nx AR. Hoc >, 


circulus cujus radius poteſt duplum re&angulum R A N, æquabitur ſuperfi- 
ciei a Catenz AD rotatione circa axem AB genitæ. Pari modo ſolidum geni- 
tum rotatione ſpatii ACHD circa AC, æquale oftendetur Cylindro cujus 
baſis eſt prædictus circulus, altitudo vero æqualis A C. Similiterq; ſuperficies 
& ſolida, ex rotatione harum figurarum circa alios quoſvis datos axes facta, 
menſurantur. Nam dato centro gravitatis hæc non latebunt. 


TheAnimadver- 2. Qu æ in Animadverſione ad noſtras de Catenaria Demonſtrationes obji- 


„ 
tAnſ wer d by Dr 
D. Gregory. 

N. 259. p. 419 
Dec. An.1699 


cit Anonymus, Act. Lipſ. M. Feb. A. 1699. ſunt hæc; Quod rem ab aliis jam 
ante ſeptennium inventam & publice expoſitam demonſtrare aggreſſus ſim, mo- 


do quodam meo. Ita quidem eſt; Quid vero hic redarguendum fit non capio. 


Celeberrimi viri Hugenius, Leibnitius, & Bernouillius, plurimas Catenariæ pro- 
prietates detexerunt, & ediderunt, at non demonſtrarunt: Ego quod ſuſcepi, 
demonſtrationes pertexui. yo | | 

Sed an res hæc (nempe Catenariæ Natura & proprietates primariæ) ab aliis 
inventa & publice expoſita fuit? Certe iſta Catenariæ proprietas, Corol. 6. 
Prop. 2. aliis indicta eſt penitus ante editas haſce demonſtrationes: Cum tamen 
fir, ni fallor, inter primarias illius proprietates, & omnium longe utiliſſima, & 


nn 
* 


ad vitz communis uſus facillime reducenda. Ab omni ævo, in ædificiis pub- 


licis Fornices arcuſque tam ad firmitatem quam pulchritudinem adhibuerunt 
Architecti: Qualis taman ſit Fornicis figura legitima aduſque editas noſtras de- 
monſtrationes ignoratum eſſltmu . 
Primum autem quod reprehendat invenit, quod quædam ex Mechanicis con- 
ſtare dixerim, quæ diſtinctius enuntiare atque etiam applicare operæ pretium 
fuiſſe ait. Ego qui Geometris demonſtranda Theoremata quædam ſuſcepe- 
ram, omnia minutim exequenda non credebam. Verum ut Animadverſori gra- 
tum faciam, Lemma iſtud (Prop. 1.) demonſtrabo, cum diſtinctius enuntiare 
nequeam, quam eſt hactenus factum in hæc verba. 
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Potentiæ tres in æ quilibrio poſitæ eandem habent rationem cum rectis tribus ad 
ipſarum directiones parallelis, vel in dato Angulo inclinatis, & mutuo occurſu termt- 
natiß. 5 | 
Pura fi potentiæ tres trahentes, impellentes vel utcunque agentes, ſecundum 
rectas P A, PB, PC ſint in Æquilibrio; & inclinentur ad has direct iones 
rectæ EF, FD, DE, in angulo quovis dato, hoc eſt, fi anguli EAP, F BP, 
DCP, fuerint æquales; dico potentias A, B, & C, eſſe inter ſe ut rectæ F E, 
FD&DE. | | | 

Producantur rectæ AP, BP, CP in G, H & K. 


In Quadrilatero FAB P, cum Angulus externus E AP fit, ex Hypotheſi, 


æqualis interno oppoſito PB F, erunt interni duo oppoſiti, FAP, & FB 


æquales duobus rectis; cumque omnes eee interni quatuor rectis æquen- | 
em quadrilatero oppoſiti, duobus re- 


tur, erunt reliqui duo F & A PB, in eo 
ctis etiam æquales. Sed A PB & BP G efficiunt duos rectos; & igitur angu- 


lus F eſt æqualis angulo BP G. Similiter oſtendentur D & BP K æquales, 


item E & APN. | | 
Quoniam tres Potentiæ ſunt in Æquilibrio, ſunt immotæ, & igitur earum 
quælibet pro Hypomochlio haberi poteſt reliquarum duarum reſpectu quæ in 
æquilibrio manent. Si B habeatur pro Hypomochlio, per Mechanice notiſii- 
mum Theorema, Potentia A eſt ad Potentiam C, ſicut ſinus Anguli B PK, ad 


ſinum Anguli BP G, hoc eſt fins Anguli D ad ſinum Anguli F, hoc elt recta 


BE ad rectam DE. Rurſus, poſito C Hypomochlio, potentia A eſt ad po- 
tentiam B, ut ſinus Anguli CPH ad ſinum Anguli CPG, five ſinus Anguli 
BP K ad ſinum Anguli AP K, hoc eſt ſinus Anguli D ad ſinum Anguli E, 


hoc eſt ut recta E E ad rectam FD. Tres igitur Potentiæ A, B, & C, ſunt 


ut rectæ F E, FD, & DE. Q, E. D. 

De Applicatione hujus Lemmatis Mechanici nunc agendum. Si concipiatur 
(ut ſupra-dictum Prop. 1) lineolæ 4D gravitas abſoluta per d D expoſita, in 
ejus centro gravitatis M collecta, & grave hoc ſecundum directionem MF ad 
D normalem vi gravitatis ſuæ deſcendere: Potentia ſecundum MD trahens 
quæ in æquilibrio eſt cum prædicto gravi, per præmiſſum Lemma, eſt ad 
ejus momentum five potentiam trahentem ſecundum M F, ficut 4 D ad . 
Nam Angulus J Da, quo D & inclinatur ad MD, æqualis eſt angulo 4 P, 
quo d inclinatur ad MF; viz. uterque complementum anguli 4 ad re- 
ctum. Atque hoc etiam obtinet, agnoſcente Auimadverſore, ſi ut in vulgari 


Mechanica, prædictum grave, plano M F incumbens, interpoſita trochlea ad 


M, trahatur ab alio gravi, ipſi MD incumbente: Erit hoc ad illud ſicut 
D ad d . „ = 1 | 
Quud ſi, reliquis manentibus, modus applicarionis harum potentiarum mu- 
tetur, ita ut ad flexilis lineæ 4D, cujus extremum 4 immorum, punctum me- 
dium M applicetur 2 ſecundum MF vires exerens, quippe arcum centro 
d, radio d M, in deſcenſu deſcripturum: Erit ponderis hujus vis, ad flexilem 
lineam rectam ad M incurvandam, infinita rofl ectu vis ſux gravitatis ablolu- 
tz; & vis ſecundum MD trahens ad modo 3 — incurvationem impedi- 


endam requiſita, etiam infinita, reſpectu ejus quæ prius requirebatur ad pondus M 
. H 2 in 


Fig. 39. 


Fig. 40. 


A 
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in plano M F ſuſtinendum. Adeo ut Potentiæ quæ in priore applicationis 
modo exponebantur per 4d, Y D, nunc exponendæ veniant per infinite ma- 
jores prioribus proportionales: Nam ut prius pondus M trahit ſecundum di- 
rectionem MF, & Potentia illud ſuſtinens ſecundum MD; & hæc duo eſſe 
in æquilibrio ex partium Catenæ quiete conſtat. Eadem igitur manebit harum 
ratio quz prius fuerat. Sed cauſa quæ lineam flexilem 4D ( cujus extremum 
d immotum, cujuſque medio puncto M applicatur grave infinite quidem par- 
vum, ſed cujus vires per hunc applicationis modum infinite majores reddun- 
tur, & proinde in Auimadverſoris Phraſi aſſignabiles fiunt) in ve jk extendit, 
eſt Catenæ DA gravitas quæ eſt ipſius longitudini proportionalis. Hæc ergo 
eſt ad conſtantem & aſſignabilem à (conſtanti ſed inaſſignabili d proportio- 


nalem) ut Dy, ad $4. Atque fic Animadverſori patere credo veram conclu- 
ſionem abſque aſſumptis erroneis fuiſſe probatàm. 


The Quadrature 
of Figures Geo- 


XIV. Sit AC F Semicirculus, cujus Diameter eſt AF, ADE Curva Geo- 


metrically Irra- metrice irrationalis, cujus ordinatim applicata BD ſecat Semicirculum in C. 


riozal. by Mr. J. Quantitates vero fic deſignentur; Diameter AF = 2 a, abſciſſa AB = y, Ar- 
2 N. 26 cus AC = v, ordinata BD =z: ſitque z = r v y xquatio generalis expri- 


Se pt. Au. 1697. mens naturas Curvarum Geometrice irrationalium A DE, in qua r denotat. 
Fg. 41. 


quantitatem quamlibet datam & determinatam 


„& x exponentem indefinitum 
quantitatis indeterminatæ . Dico Aream | 
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præcedentium, ſcil. A — - 4.” -B <= 

| aXn+Ixnu+ 1" n — I 

a B X 2, J} — | 224 2 | 

et ne 2, & fac porro. (2.) Quod fi exponens ® fit numerus 


integer & poſitivus, aut nihilo æqualis, vel etiam fi 2 » fit numerus impar, 
tum Quadratura ſpatii AB D exhibeatur per Quantitatem finitam; ſerie in his 
caſibus abrumpente. (3.) Quod g deſignet Terminum ultimo abrumpentem. 
(4) Quod omnes illæ Figuræ in quibus Series abrumpitur, habeant unam por- 
tionem Geometrice Quadrabilem, ex ipſa Serie facillime aſſignabilem: Nimi- 


1 


| 3 1 
rum ſi capiatur abſciſſa y =r-4" xa q + 2 *; 


- crit huic abſciſſæ com- 
petens 


1 . 139) 
petens Area Geometrice Quadrabilis. (5. ) Quod ſolus Terminus Irratio- 
nalis / 24) — 9 in Terminos ipſum ſequentes fit multiplicandus. 


- 0 | * | I * \, 4 | 7 a 
. Exemplum 1.] Sit x = v, quia in hoc caſu r = 1, 1 So, ideo i | 
+ $i | b | : ; . 1 s 
eſt Terminus ultimo abrumpens, quare 9 = a, unde ABD =wvy —av+ 


ay 2 ay —F: & proinde fi (per Not. 4.) capiatur Abſciſſa y = 4, id eſtꝰ 


{i ordinata tranſeat 2 Circuli Centrum, erit portio huic competens Geome- 
0 


trice Quadrabilis, ſcil. Area = @ a, id eſt Radii, Quadrato. 
FE | Wein WY 83 1 a i 
Exemplum 2.] Sit 2 — quia in hoc caſu r = „1 ideo 
Rnanraa + raa © | * 


| | m_— xy” 7 oft terminus ultimo abrumpens 1 uare = 3%. un- 
ax FIT J * pens, q E © F* 


ar es; 
de ABD = 24 — 


Not. 4.) caputur y = / — erit huic abſciſſæ competens Area Geome- 


trice Quadrabilis, ſcil. Area /: / a — 5 7 xy = + . 


; . V 8 « : 8 1 8 
Exemplum 3.] Sit & = . in hoc caſu } = — n = 2, ideo 
1 3 3 24 : 
———— eſt Terminus ultimo abrumpens, ergo , unde 


| 5 85 : 5 3 ae l . = A 
per ſeriem infinitam erit ABD = 6vFf—Ifavtiapn toy iſe 


IS 4 


5 | 8 5 
* 2, & proinde ſi (per Mot. 4.) capiatur y = {/ — erit abſciſſæ 


competens Area Geometrice Quadrabilis: ſcil. Area 2a) Traytifoe 


182 


NTA = .. | - 0 


Secundo.] Sit ACF Parabola, cujus Axis A E, vertex A, & latus rectum 
BA. Sitque ADG Curva Geometrice irrationalis, cujus ordinatim applica- 


ta BD ſecat Parabolam in C Er vocetur abſciſſa AB =, Ordinata BD=2z, 
Arcus Parabolicus AC = v. Sitque æquatio generalis, exprimens Naturas 
_ Infinitarum Curvarum irrationalium, hæc, Z=7vy, in qua r denotat Quan- 


titatem datam & determinatam, & ® exponentem indefinitum Quantitatis in- 
determinatæ y. Dico Aream | 


— 32 y/ 2ay - 7; & proinde ſi (per 
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De hac Serie hæc ſunt notanda: (1.) Quod Literæ majuſculæ, A, B, C, &c. 
denotent coefficientes terminorum ipſis præcedentium. (2.) Quod fi exponens 
2 ſit integer poſitivus aut nihilo æqualis, aut etiamſi 2 ſit numerus impar, tum 
Quadratura exhibeatur per numerum terminorum finitum; Serie in his caſibus 


abrumpente. (3.) Quod +gq fit æqualis ultimo termino abrumpenti. (4.) Quod 


ex terminis Quantitatem / 2 @ y + yy multiplicantibus ultimo abrumpens 
{ir duplicandus. (F.) Quod omnes illæ Figure, in quibus eſt numerus in- 
teger poſitivus & impar, vel generalius, omnes illæ figuræ, in quibus ultimus 
terminus abrumpens habet ſignum affirmativum ſeu +, habeant unam portio- 
nem Geometrice Quadrabilem, & ex ipſa ſerie facile aſſignabilem, ſumendo 
abſciſſam, ut in Not. 4. præcedentis ſeriei. | 


Exemplum 1.] Sit x , quia in hoc caſuy = 1, „ o, ideo terminus 
ra 


ultimo abrumpens eſt . . == 4", unde + q = _ —(perNot.z.) 


NE . . A * . . 
& quia 1n hoc caſu — — eft terminus ultimo abrumpens, ideo — a eſt ul- 


timus in YT + 3 9 multiplicandus, (per Not. 4.) Adeoque ABD = v 
b N f= 


Exemplum 2.] Sit 2 = =", quia in hoc caſu = ;, ideo ter- 
| ra a x21 ＋ I 3 a 4 | 

; n *' = —, unde 7 
nxnu+2xn+ mm? 88 7 


minus ultimo abrumpens eſt 


a A 0 . . F 6524-36 | . | . | | | 
—, & — ultimus terminus in /2@y + yy multiplicandus ; adeoque 


4 "Io 


ABD = 222 + ay + X — 2 2 + 25 & ſi ca- 


piatur 
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vol.2. 


Plate 2 
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piatur y = / —; erit Area competens huic Abſciſſæ Geometrice Quadrabi- 
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lis, ſcil. Area = — 92 at + — A ah & ; 


Tertio.] Sit ACF ſemicirculus, ADE Curva Geometrice irrationalis, cu- N. 235. p. 783. 
jus ordinatim applicata B D ſecat ſemicirculum in C. Quantitates vero deſig- FS. 4. 
nentur ut prius, ſcil. Diameter AF = 2 a. Abſciſſa AB =y, Arcus AC =v, 

Ordinata BD = 2; ſitque z = r v* y® Aquatio exprimens Naturas Cur- 
varum ADE, in qua r aer quantitatem quamlibet datam & determina- 
tam, & n exponentem indefinitum quantitatis indeterminatæ y. Dico Aream 
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De hoc Theoremate hæc ſunt notanda; (1.) Quod componatur ex dua- 
bus ſeriebus infinitis, quarum prior (ſigno + connexa) multiplicatur in 


vy/24ay—); termini autem poſterioris (ſigno — affecti) ſunt abſoluti. 
(2.) Quod in prior! ſerie literæ majuſculæ, A, B, C, D, E, &c. deſignent 
coefficientes terminorum ipſis reſpective præcedentium; nec non in poſteriori 
eoſdem obtineant valores, quos in priori. (3.) Quod Quadratura exhibeatur 
per quantitatem finitam, quando eſt numerus integer poſitivus, aut nihilo 
æqualis, vel etiam fi 2 » fit numerus impar: nam in his caſibus utraque Series 
abrumpitur. (4.) Quod 2 q fit æqualis ultimo termino abrumpenti prioris 
Seriei. 2 5 1 | 


. 3 Ro 3 = 
Exemplum 1. | Sit 2 = ＋ Quia in hoc caſu a =o, r = 25 ideo erit 


Area ABD = — —_ 7 2 Vy 2 429 — 97 — 2 49. Cordl. Integra 


1 


figura A F E eſt æqualis duplo Quadrato, cujus Latus eſt A CE, dempto 
diametri Quadrato. fy by as 


L.... Exemplum 


N 1 
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' V # . = 1 . bis 
Exemplum 2.) Sit 2 = , quia hoc in caſu ai, r = I ideo erit 
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1 2 3 1 — 1281 1 — 
Area ABD =t— . 0 
2 


1 


| : 2 VL 2 . Sod . 3 
Exemplum 3.) Sit 2 = 43 quoniam in hoc caſu x =2, r = = 
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The Quedratere XV. Eſto ON F Curva Logarithmica, cujus Aſymptotos A R, in qua 
3 tale ſumatur punctum A, ut ejus prima ordinata A O fir ſubtangenti ſeu 
1. J. Craig. unitati æqualis: Quæritur ſpatium Curvilineum A O N M à duabus Or- 
S4 J; dinatis A O, MN, Abſciſſa A M, & Curva Logarithmica O N compre- 

5 henſum. „ | 7 
e Ex O ducatur OE ad AM parallela, & ſecans MN in E; dico quod re- 
Qangulum ex ſegmentis M E, E N, fit æquale ſpatio quæſito. 


Demonſtratio. | Vocetur Ordinata MN, z; ſubtangens AO ſeu ME, s: 

& ad axem AR conſtruatur alia Curva H G E, cujus æquatio 2 5 3 = , 
ubi ejus ordinata G M = x; dico quod ſit quadratrix Logarithmicæ juxta 
Methodi meæ fundamentum; ſcil. ejus ſubnormalis eſt reſpectivæ hujus Ordi- 
natæ æqualis: ut ex calculo iſtius Methodi patebit: Ergo (juxta alibi a me 
expoſita) ſi ad G ducatur G C perpendicularis & æqualis lineæ G M, nec 
non H D parallela ad G C, & lineis G M, C M occurrens in B & D; erit tra- 
pezium GBDC = AO NM. Sed GBDC = GMC — BMB = 
iz - BMA = SZ - HA; ſdHA =y 2A Og ex natura Curve 


HG Q ergo GBDC =SZ - AO AOX MN AOT = AO x 


MN—AO = ME x MN — ME = ME x EN; Ergo etiam 
AONM =MEx EN. E. D. | RS 
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7 8 1 By the Equable Evolution of a Circle, I mean ſuch a gradual 


#he circle; being approach of its Periphery to Rectitude, as that all its Parts do together, and 


be C | | Es, 
ſerib d by its g- equally, evolve or unhend; or ſo that the ſame Line becomes ſucceſſively a 


quebleEvelation leſs and leſs Arc of a reciprocally greater Circle. 
K 6 | 885 
— IE 2. Let AHK A be the Periphery of a Circle, A E a Tangent to the Point 
Eg, 44 A. Let this circular Line be ſupgpos'd cut or divided at A, and then to unbend 

. (like a Spring), its upper End remaining fix'd to its Tangent A E, whilſt the 

| „„ | other 


— 


—— ——_—— 


—— g 


other Parts do equally evolve or extend themſelves through all the Degrees of 


leſs Curvature (as in ABD, AMC, &c.) till they become ſtreight in Coin- 
cidence with the Tangent AE. | 


Fo Let AMC be the evolving Curve in any middle Poſition between its 
firſt and laſt. Join the fix'd End A, and the moving End C, by the Chord- 
line AC, interſecting the firſt Circle at H; I fay, that AMC is a Like 
Segment to An , cut off in the firſt Circle by the Chord AH: For, by the 

Suppoſition, AMC is the Arc of a Circle, having A E a Tangent com- 
mon both to it and A H; and both Arcs are terminated in the fame Right- 
"UWA G. © . „ 

4. Hence the Curve A DCE (deſcrib'd by the moving End of the Peri- 
phery in its Evolution) may be thus conſtructed: Let the Circle AHR A 
be by Biſections divided into any number of equal Parts; let H be one of the 
Points of ſuch Diviſion: Then ſay, As the Number of equal Parts in the Arc 
An H, is to the Number of Parts in the whole Periphery AH KA; fo is the 
Chord AH, to a fourth Line, which let be AC in AH produc'd. So is C 
c ADCE. . 

5. Dem. Upon ACdeſcribe A M C, an Arc like tothe Arc AnH. W hence 
AH:AC::AzH:AMC. But by Conſtruction, AH: AC:: An H: Periph. 
AHK A; therefore is the Arc A MC equal to the whole Periphery AH K A, 
and like co the Arc AH: Conſequently AMC repreſents the evolving Peri- 
phery, in a Poſition like to the Arc AH, and C 1s the deſcribing Point. 
6. After the ſame manner may be found other Points, thro' which the 
Curve may be drawn: But here (as in the old Oaadratrix of Dinoſtratus) the 
Point E cannot be preciſely determined; but the Curve may be brought ſo 

near it, that its Flexure or Tendency will ſo lead to the Point E, that A E ſhall 
be near enough to the Truth for common Uſes. ; 

7. Suppoling the Point E found, a Tangent to any Point of the Curve 
may be drawn; and ſuppoſing a Tangent drawn, the Point E may be deter- 
mined; the Property of the Tangent being this, that ſuppoſing R'T a Tan- 
gent to the Point C, and CA, CE, drawn from C to each End of the recti- 
| ty'd Circle, the Angle ACT (the leſſer Angle that A C makes with the 

3 is equal to A CE, the Angle made by the two Lines drawn 
rom C. | LE 

8. Let c be a Point in the Quadratrix indefinitely near to C; and draw Ac 
interſecting A H KA in h, and AMC in . To Ac as a Chord, draw the 
Arc Amc, like unto the Arc Anh: To the Point C of the Arc AMC draw 

the Tangent CI. AE, and join LA; ſo is oC an indefinitely little Parti- 
cle of the Arc coincident with its Tangent. 


9. Becauſe of the like Segments Au A, AMoA, AmcA, as Chord Ar 
to Chord Ao, fois Arc Ame AMC) to Arc Amo: Or, Ac: A:: An 
AMC): A Mo; and dividing, Ac — A (Sc): AC:: Ah ůe - AMO 
Co): AMo: That is, co: A:: Co: A Mo; and alternately, co: Co::Ao:AMo. 


Put AC for Av, and AMC for A Mo (as differing infinitely little) and then 


tis co: Co:: AC: AMC. But by Conſtruction CL AE AMC, whence 
„ n | c: 


# 


— Aa a — 


658) 
co:Co:: AC: CL; and the Angle LCA = Cor, (oc being infinitely 
owe to AC, is therefore parallel to it;) and therefore Cor, ACL, are like 
riangles. 

jo 60 of CL= AE, Angle EAC = LCA, (CL and E A be- 
ing Tangents to the two ends of the ſame Circular Arc AMC, make equal 
Angles with its Chord AC) and AC common to both, the Triangles EAC, 
and A CL, are like and equal: therefore are all three Cc, ACL, EAC, 
like Triangles. W hence it follows, That the Angle ACE (in the Triangle 
EAC) is equal to the Angle oc C (in the Triangle coC) but ooC=ACT, 
becaule oc and AC are parallel; therefore the Angle ACE = ACT. 


The Dine fon XVII. In Epiſtola quadam mea (Oper. Mathem. Vol. III.) inter alias meas 


of « Sphere and Methodos (quibus in Tetragoniſmis utor) occurrunt hæ duæ; quarum alte- 
ALD ram appello Methodum Convolutionis & Evolutionis; alteram, Methodum Com- 
i * 5 - 


Wallis N. 263. plicationis & Explicationis. Quarum ope oftendo (tum aliarum Figurarum, 


n ſpeciatim) Cycloidis dimetiendæ quis fit modus omnium ſimpliciſſimus. 
Simili Artificio colligetur tota Sphæræ cum Cylindro collatio: Quod ſibi 
PVbMonumentum fecit Archimedes. 
Quippe fi ad Baſin P (Peripheriæ Circuli æqualem) ſumatur altitudo R 
(æqualis Radio) fiet Parallelogrammum Rectangulum = R P. Quod ex mi- 
nutis Parallelogrammis æque altis, numero infinitis, (juxta receptam Metho- 
dum Indiviſibilium) conflatum intelligatur. Quorum ſi omnes vertices intel- 
ligantur in unicum punctum contrahi, quo ex illis minutis Parallelogrammis 
totidem fiant Triangula ſuper eiſdem Baſibus æque alta; ſingula ſingulorum, 
adeoque omnia omnium, dimidia; (curvata Baſi in Circuli Peripheriam) fiet 
Circulus (Centro C, Radio R,) Parallelogrammi dimidius = ; RP. 
Qu eſt ipſa Archimedis Dimenſio Circuli; æqualis utique Triangulo Re- 
ctangulo, cujus laterum (circa Angulum Rectum) æquatur alterum Peri— 
pheriæ, alterum Radio expoſiti Circuli. Quippe ? R (ſemi-altitudo Trian- 
guli) in P (Baſin) ducta, exhibet Magnitudinem iſtius Frianguli = 3 RP, 
circulo æqualem. Idemque accommodabitur Sectori Circulari, ſumpto arcu 
A pro P Periphe ria. * 8 

Porro; fi ad illud Parallelogrammum = RP (ut Baſim) ſumatur itidem 
(in ordine ad Hemiſphærium) Altitudo R; fiet Parallelepipedum = RRP. 
Quod pariter, ex minutis Parallelepipedis æque altis, numero infinitis, con- 
flatum intelligatur ( minuris areolis iſtius Plani infiſtentibus) quorum omnium 
communis altitudo fit R; & Baſium Aggregatum = RP. Quod & Paral- 
lelogrammum hoc (manente magnitudine = RP) intelligatur in Curvam 
Superficiem Cylindricam curvari (cujus Baſis ſit P, jam in Peripheriam cir— 
culi convoluta, Altitudo R) quo minuta- illa Parallelepipeda in totidem 
Cuncos, ſeu Priſmata baſium triangularium, (Parallelepipedorum ſingula 
ſingulorum, adeoque omnia omnium, ſub-dupla) redigantur, Acics ſeu 
Vertices habentia totidum C puncta (few lineolas minutas) in Axe Cylindri 
conſtituta, eumque complentia; fiet Cylindrus (Parallelepipedi Dimidius) 

RRE. — oy | 


Fig. 47. 
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Oo SR | 
Vel (in ordine ad Sphæram integram) ſi ſumatur utrinque Altitudo R, 
(uit tota Altitudo D = 2 R 3) fiet ( convolutione pariter facta) Cylindrus 
(ut prius) ex Cuneis fea Priſmatibus numero infinitis ( Vertices ſcu Acies 
habentibus in Axe Cylindri) = RRP =xRP x 2R, æqualis facto ex + RP, 
(circulari Baſe) in altitudinem 2 R: ſeu (quod tantundem eſt) = 3: Rx2RP, 
æqualis facto ex + R (ſemiſſe communis Altitudinis Cuneorum) in (Baſium. 
aggregatum) 2 RP. 1 N 
Quod quidem Baſium Aggregatum eſt ipſa Cylindrica Superficies curva 
=P x2R) æqualis Facto ex Baſis Circularis Peripheria P in Altitudinem 
2 R ducta: ſeu g RP x 4, (æqualis quatuor Circulis in Sphæra maximis:) 
Quibus ſi accenſeantur oppoſitæ duæ Baſes circulares; fiet Cylindri (Sphæ- 
re circumſcripti) tota ſuperficies, æqualis ſex Circulis maximis, + RP x6 
= Zz RP. Et Cylindri Magnitudo, =RRP =+ RP x 2R, æqualis Facto 
ex Baſe Circulari : RP in altitudinem 2 R ducta: ut prius. | 
Quod {1 porro, Cuneorum horum omnium Vertices ( Cylindri Axem Com- 
plentes) intelligantur in unum punctum contrahi; quo Cunei illi, ſeu Priſ- 
mata, jam fiant totidem Pyramides, ſuper iiſdem Baſibus æque altæ; ſingu- 
læ ſingularum, adeoque omnes omnium, fubleſqui-tertize, ſeu ut 3 ad 4; & 
Superficies, prius Curva Cylindrica, jam fiat Sphærica, propter ejus omnia 
puncta æqualiter a Centro remota; manente, quod prius erat, Baſium aggre- 
gato = 2 RP, (quatuor Circulis Maximis æquali, ) habebitur tum tota 
Sphæræ Superficies =2RP =: RP x4 (æqualis quatuor Circulis maxi- 
mis; & quidem toti Curvæ Cylindricæ æqualis, & partes partibus reſpective 
æquales, eaſdem Axis partes reſpicientibus;) tum Sphæræ magnitudo == + 
RRP=+RPx2R; æquales Facto ex ; R (trieme communis Altitudi- 
Aggregatum, jam factam ſuper- 


nis Pyramidum omnium) in 2 RP (Baſium 
ficiem Sphæricam) ducto. 5 
Eſt itaque Cylindri Sphæræ circumſcripti tum Superficies tum NEON, 
ad Superficiem & Magnitudinem inſcriptz Sphere, ſeſqui- altera, {eu ut 3 
ad 2. (Illic quidem, ut ſex Circuli Maximi = 3RP, ad quatuor Circulos 
maximos = 2RP: Hic vero ut RRPad q RRP.) quod eſt illud ipſum 
Archimedis Inventum celebre. | TED 5 5 
Idem paulo brevius haberetur; ſi, in Parallelepedo illo (ſuper plana Baſe 
2 RP cum Altitudine R) ex minutis Parallelepipedis conflato, Horum 
omnium Vertices immediate cenſeantur in unicum C ( punctum ) comprimi. 
Quo, manente ut prius Baſium Aggregato = 2 RP, Parallelepipeda illa in 
totidem Pyramides. redigantur, Vertices habentes ad Sphæræ Centrum 
coeuntes; cujus Radius R, (communis Pyramidum omnium altitudo;) & 
Sphærica Superficies, Baſium omnium Aggregatum. Quippe 7 R (triens 
communis Altitudinis) in 2 RP (Baſium Aggregatum) exhibet Sphere 
magnitudinem (ut prius) + RRP; & Sphæræ Superficiem 2 RP. 
Poteſtque hoc itidem Sectori Sphzrico accommodari; Ducto 7 R (triente 
communis Altitudinis Pyramidum inibi omnium) in portionem Sphæric Su— 
perficiei plano abſciſſam: Quæ eſt ad totam Superficiem Sphzericam, ut eſt 
Diametri (ſeu Axis) pars abſciſſa ad totam Diametrum; ut ſupra oſtenſum 
elt. . 
1 Cujus 


| - FO 7. 

Cujus quidem proceſſus totius Ratio his r wn nititur; nempe, quod 
figura ex Triangulis eſt dimidia figuræ ex Parallelogrammis, ſuper eiſdem 
Baſibus, æque-altis: (Illam ego appello Figuram Convolutam; hanc Evolu- 
lam:) Et figura ex Pyramidibus eſt triens figuræ ex Parallelepipedis, 
ſuper eiſdem Baſibus æque-altis: (Illam ego appello Figuram Complicatam; 
hanc Explicatam.) Quæ poſſunt mille modis accommodari Figuris Curyi- 

lincis (tum Superficialibus tum Solidis) mirum in modum perplexis. . 


e pep me XVIII. 1. It hath been obſerved by divers of this Nation, that inany Equa- 
NEG of tion, howſoever affected, if you give a Root, and find the abſolute Number 


Equations in or Reſolvend, (which Hieta calls Homogeneum Comparationis;) and again give 
1 Nen M. Roots and find more Reſolvends; that if theſe Roots, or rather Rank of Roots, 
N. 46. p. 929. be aſſumed in Arithmetical Progreſſion, the Reſolvends, as to their firſt, ſecond, 


Apr. An. 1659. or third Differences, &c. imitate the Laws of the pure Powers of an Arithme- 


tical Progreſſion, of the ſame degree, that the higheſt Power, or firſt Term 


of the Equation is of. E. g. In this Equation aaa — 3 aa ＋ a == N. 
= Os „„ 1 diff. 2 diff.] 3 diff. 
'-( Then N or the w—_ cls 1 

Abſolutes or Re- (J. . 12 1 6 
olvends will be (397] 28 42 5 


found to be, 31 OS — 8 


If 2 be = 


IIe 


To vit, the zd Differences of thoſe Abſolutes are equal, as in the Cubes 


of an Arithmetical Progreſſion. 


2. To' find what Habitude thoſe Differences have to the Coefficient of the . 


Equation, tis beſt to begin from an Unit. hs 
3. In any Arithmetical Progreſſion, if you multiply Numbers by Pairs, 
you ſhall create a rank of Numbers whoſe ſecond differences are equal; and 
if by Ternaries, then the 3d differences of thoſe Products ſhall be equal. 
And how to find the greateſt Product of an Arithmetical Progreſſion of any 
Number of Terms having any common difference aſſign'd, contain'd in any 
Number propos'd, is ſhewed by Pa/cal in his Tract du Triangle Arithmetique, 

where he applies it to the Extraction of the Roots of Simple Powers. 
4. Ir appears, how this Rank may be carried eaſily by Addition, till you 

have a Reſolvend either equal or greater or leſs than that propoſed. 


5. When you have a Majus and Minus, you may interpole as many more 


Terms in the Arithmerical Progreſſion as you will, that is to ſay, Subdivide 
the common difference in the Arithmetical Progreſſion, and render it leſs; 
and then renew, and find the Reſolvends, which are eaſily obtained out of 
the Powers and their Coefficients, which are ſuppoſed known, and may be 


readily raiſed from a Table of Squares and Cubes, (9c. with which kind the 
Reader may be furniſhed in Guldini Centrobaryca, and Babington's Fireworks, 


By this means you may obtain divers Figures of the Root; anÞthen the Ge- 


neral Method of Vieta and Harriot runs away more eafily, and is ſo far im- 
proved, that aſter any Figure is placed in the Root, moſt certain ne 
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are given to know, by Aid of the ſubſequent Dividend and Diviſor, whether 
the Figure before aſſumed be too great or two ſmall: Or, laſtly, it may 


be well concluded, that as in Logarithms, when you propole ſuch an one as 


is not abſolutely given in the Canon, you do, by proportional Work, uſing the 
Aid of their firſt Differences (when their abſolute Numbers differ by Unite) 
find the abſolute Numbers true to Ff or 6 Places farther than the Canon gives 
it (the Reaſon whereof is, that the firit Differences do likewile agree to about 
the ſame number of Places); that, I tay, the like may be done in Equations, at- 


ter divers of the firſt Figures of the Roots are found, provided there be the 


like Agreement in the firſt Differences of the Interpoled Reſolvends. 
Moreover, we ought here to take notice of a more ſubtile kind of Interpo- 
lation, common to all Gradual Ranks or Progreſſions of Numbers, wherein Dit- 


ferences happen to be equal: Ot which kind the Reader may find Examples in 


Briggii Arithmetica, Logarithmica, & Trigonometria Britannica, relating to Lo- 
garithms, Sines, and the Powers of an Arithmerical Progreſſion : Bur the Me- 
thod there delivered may be rendered more eaſy and general, viz. by Aid of a 


Table of Figurate Numbers, by deriving Generating Differences ſought from 


thoſe given; a Doctrine that eaſily flows from Mercator's Logarithmotechnia , 
and of uſe in the Caſe in hand, ſhould we ſuppoſe theſe Powers and their Co- 
efficients unknow, or a Table of Squares and Cubes wanting, and give no- 
thing more than a few Relolvends belonging to equal Moments or Spaces. 
And this may likewiſe be of good Ule in Gauging, when having the Contents 


of a Solid, for every three Inches more or leis given, without knowing the 


Dimenſions of the Figure, and even in moſt Caſes, when the Differences are 
Progreſſive of one kind, without knowing the Figure itſelf, having nothing 
given but its Contents at ſeveral equal parallel Dittances, each ſuch Diſtance 
may be ſub- divided, and made as many as you pleaſe, and the reſpective Con- 
tents found by this general Method of Interpolation. 

After one Root is obtained, the Methods of Huddenius and others will de- 
preſs the Equation fo as to obtain more, and conſequently all of them. 

6. It is eaſy by a Table of Figurate Numbers to give the Sum of any ſuch 
Rank, or any Term in it relating to a known Part of the Series of Equals or 


Roots; but e converſo, giving the Reſolvend to find the Root, comes to an 


Equation as difficult as that propos'd; as in Dr. Wallis's Chapter of Figurate 
Numbers. 5 f | 


7. Some affirm, they can give good Approaches for the obtaining a Root 


of any pure Power, affected Equation, or for the finding any of the mean 
Proportionals in any Rank between the two Extremes given. | 

$8. Others pretend to have found out the Method (incired thereto by an Ex- 

ample in Albert Gerard's Invention Nouvelle en Algebre, a Amſterdam. 1629.) ſo 


much, by comparing of Equations, to increafe or diminiſh the unknown Root 


of Equation as to render it a whole Number (or lets differing therefrom than 


any Error affign'd) and by Albert Gerard's Method of Aliquot Parts to find 


the ſame, and thereby the Root ſought, altho' it be a mixt Number, Fra- 
ction, or Surd. 8 | 


Probably 


m— — — — — _ 


ͤ—— 2 p > 
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Ibid, p. 932. 


„ 
Probably this may ſympathize with what is promiſed by the learned ud- 


denius in Aunexis Geometriæ Carteſianæ, where he ſaith he intended not then 


to publiſh certain Rules he had ready; whercof one was to find out all the Ir- 
rational Roots both of Literal and Numeral Equations: This mult be under- 
ſtood, when ſuch Roots are poſſible; for tis certain there are Infinite Equa- 
tions, whoſe Roots are no ways explicable, either in Whole or Mixt Num- 
bers, Fractions or Surds, and can be no otherwiſe explain'd, but by a guam- 
Proxime. Es 


5 The Author of this Narrative conſidering, that the Conic Sections ma 
be projected from leſſer Circles placed on the Sphere, and thence eaſily (other- 
wile than hitherto hath been handled) deſcribed by Points, and that by their 


Interſections, ſome Spherick Problem is determined; accordingly, he found that 


this following Problem, according to the various Situation of the Eye, and 
of the projecting Plan, would take in all Caſes. 


The Diſtances of an unknown Star are given from two Stars of known Declina- 


tiou and Right Aſcenſion; the Declination and Right Aſcenſion of the unknown Star 
is required. 5 = 


And faith, He hath obſerved, that, admitting the Mechaniſm of dividing 


the Periphery of a Circle into any number of equal Paits, or (which is equi- 
valent) the uſe of a Line of Chords, that this Problem, wherever the Eye be 
placed, may be reſolved by plain Geometry, and yet the Eye ſhall be fo placed, 
as to determine it by the Interſection of the Conic Sections; conſequently 
thoſe Points of Interſection (the Species and Poſition of the Figures being gi- 
ven) may be found without deſcribing any more Points than thoſe ſought; and 
the Lengths and Ordinates falling from thence on the Axes of either Figure 
calculated by Mixt Trigonometry, and hence likewiſe the Roots of all Cubick 
and Biquadratick Equations found by Trigonometry. 


For giving, from the Meſolabe of $Iufius, che Scheme that finds theſe Roots, 


it will then be required to fit thoſe Sections into Cones, which have their Ver- 


tex either in the Center, or an aligned Point in the Surface of the Sphere, to 
which they relate as projected, and proceed to the Reſolution of the Problem 
propoſed; and how to fit in thoſe Sections, ſee the ſeven Books of Apollonius, 
Mydorgius, the zd Volume of Des Cartes's Letters, Leotaudi Geometria Pra— 
clica, Anderſon Exercitat. Geometric. 8 _ 
As to the Problem itſelf, it is determined on the Sphere by the Interſections 
of the two leſſer Circles of Diſtance, whoſe Poles are the known Stars. And 


this Problem hath divers Geometrick ways of Reſolution. 


1. By Plain Geometry (in the Senſe before mentioned): Suppoſing a Plain 
to touch the Sphere or the North Pole; if the Eye be at the South Pole, pro- 


jecting thoſe Circles. into the ſaid Plare, they are ſtill Circles (by reaſon of 


the ſub-contrary Sections of the viſual Cones) whoſe Centers fall in the ſides 
of the Right-lined Angle, made by the projected Meridians, that paſs thro? 
the known Stars; and thus the Problem is caſily ſolved in this manner. | 

2. If it be required to be performed by Conic Geometry; In one Cafe it 
may be dene, by placing the Eye ar the Center of the Sphere, and projecting 


as 


r. 
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63 Y 
as beforez to wit, when the longer Axes of the Figures being produced, con- 
cur above the Vertex: Here the Problem is determined by the Interſections 
of two Conic Sections (whereof a Circle cannot be one, unleſs its Center 
be in the Axis of the other Figure): And in this ſecond Caſe, theſe Points of 
Interſection fall in the fame Right Line or projected Meridian they did bc- 
fore, but at a more remote Diſtance from the Pole Point, to wit, in the for- 
mer Suppoſition the Polar Diſtance was meaſured by a Right Line, that was 
the double Tangent of half the Arch; here it is the Tangent of the whole 
Arch. Hence it is evident how one Projection may beget another, yea, in- 
finite others, altering the Scale, and how the leſſer Circles in the Srereograpbick 


Projection help to deſcribe the Conic Sections in the Gnomonick Projection: 


But (to reduce the matter to the common Radius) if we ſuppoſe two Spheres 
equal, and ſo placed about the ſame Axis, that the Pole Point of the one 
ſhall paſs thro' the Center of the other, and the Touch-Plain to pals thro” 


the ſaid Center or Pole-Point; and that a lefſer Circle hath the fame Poſition 


in the one as in the other; then, 1t the Eye be at the South Pole of the one, 
it is at the Center of the other; and any projected Meridian drawn from the 
projected Pole Point to paſs thro' both the Projections of theſe leſſer Circles, 
the Diſtances of the Points of Interſection are the Tangents of the half and 
the whole Arch of the Meridian fo interſected. But as to the Points of In- 


terſection, which determine the Problem propoſed, they may be fq uud with- 


out the Aid of the former Way, from a Gzomonick and Stereographic Method 


of meaſuring and ſetting off the Sides and Angles of Spherical Triangles in 
thoſe Projections, which is neceſſary in what follows. 
3. If the Problem is to be performed by mixt Geometry, as by a Circle, 


and either a Parabola, Hyperbola, or Ellipſis, the Circle may be conceived to 


be the ſub-contrary Section of a Cone projected by the Eye at the South Pole, 


and any of the reſt of the Sections by the Eye at the Center of the Sphere. 


4. If by any of the Conick Sections however poſited, the projecting Plane 
may remain the ſame; but the Eye muſt be in ſome other Part of the Surface 
of the Sphere, and not in the Axis. 


XIX. 1. Conſtructio quam tradit Carte/izs, quæque facillime radices A.- 
quationum omnium Cubicarum vel Biquadraticarum, ubi deficit ſecundus ter- 
minus, eruit, ut nota ſupponi poteſt; attamen cum cardo fit a quo ſublequen- 


5 kia pendent, ex illius Geometria deſumptam placuit Regulam adjungere, pau— 


culis nonnullis in melius (uti reor) tranſpoſitis. 
Deficiente ſecundo termino omnes æquationes Cubic reducuntur ad hanc 
formam 23. &. 4 p 2. a ag. Sõʒ, ac Biquadraticæ ad hanc 2. &. apz2. a292. a: 


a) (I + Us 


„ =0, (ubi a deſignat latus rectum Parabolæ cujuſvis datæ, quam in Conſtru— 


ctione adhibere licet), vel ſumendo à pro unitate, ad hanc S3. *. pz. 4= o, vel 
ad hanc 21. u. pz z. 4 z. 1g. 


Jam data Parabola FAG, cujus Axis fit AC DKL, ac latus rectum à vel 


1, fiat AC ejus dimidium ac collocetur ſemper a vertice A verſus interiora fi- 


guræ; dein ſumatur CD==7p in linea ia AC continuata verſus C ſi in 
æquatione fuerit — p, vel verſus alteram partem ft habeatur + p. Porro & 
puncto 


' The Conſtrud io | 


of Cubick and B.> 
quadrant K A 
quations, by à Pu- 
abol and Circle, 
By Mr, Edm, 
Halley. N.188, 


1. 335» | 
Jul. An. 1687 


Fig > 48, 


( 64 ) 1 


punctc D, aut ex puncto C fi non habeatur quantitas p, erigenda eſt ad axem 
perpendicularis D E æqualis 34, dextrorſum quidem fi ſuerit — , ad alterum 
vero axis latus ſi fuerit + 7; ac Circulus, Centro E, Radio A E deſcriptus, 
; ſi æquatio fuerit tantum Cubica, Parabolam tot punctis F & G interſecabit 
quot veras habet Radices, quarum quidem affirmativæ, ut G K, erunt ad dex- 

tram Axis partem, Negativæ, ut FL, ad ſiniſtram. 

Aſt ſi Aquatio Biquadratica fuerir, augeri vel minui debet Circuli Radius 
AE, addendo fi fuerit — 7, vel ſubducendo fi fit + r, ex ejus quadrato 4 
rectangulum ar, teu contentum ſub Latere Recto & quantitate data r; id 1 
quod nullo fere negotio efficitur Geometrice. Hujus vero Circuli interſecti- 1 

ones cum Parabola omnes veras Biquadraticæ /Aquationis Radices, demiſſis ad 
axem perpendiculis, exhibebunt; affirmativas quidem ad dextram Axis, Ne- 1 
gativas vero ad ſiniſtram. Totius demonſtrationem Carteſio, ejus Inventori, | | 
relinquo. Y 

Notandum hic me operam dare ut ſemper habeantur Radices affirmativæ ad 5 
dextrum Axis latus, ut evitetur confuſio, à pluribus cautionibus, quarum cauſa 3 
minime evidens eſt, neceſſario oritura. | 2 

His præmiſſis, ut aditus pateat ad conſtructionem etiam earum æquatio- 
num ubi reperitur terminus ee conſideranda venit Regula pro tollendo 
termino ſecundo, ac reducenda æquatione ad aliam quæ methodo præcedente 
conſtrui poſſit. Omnes vero hujus claſſis æquationes cubicæ ad hanc formam, 
25. % E Z. ap z. aa So, vel ad hanc, 25. bzz.*.aaq =0; Biquadratice 


vero ad hanc, 21. % Z3. a px 2. aa q z. ar So, vel ad hanc, 24. z. K. 4 49 z. as A 
o, vel 2+ b2*. apz2z.*,43 r =o, vel denique ad hanc, 24. % 3. K. K 4 =o, 7 
reduci poſſunt: è quibus omnibus, prout ſignis A & diverſimode conne- 1 
ctuntur, -ingens oritur varietas; mi, Regula generalis omnibus inſerviens ob © © 
{cura ac maxime difficilis redditur, niſi methodo quam ſubjungimus illuſtrata 5 
no diſque extricata tractetur. 3 ¾ : 1 

Tollitur in Biquadraticis ſecundus terminus ponendo x = z-+ 4 , ſi fuerit 

＋＋ in æquatione, vel x = z — b, ſi fuerit —b: binc K h in primo ca- I 


ſu, & + 2 b in altero æquatur 2; & in Æquatione quavis propoſita, ſubſtituta 
loco ⁊ quantitate æquali, prodibit nova æquatio ter mino ſecundo carens, cu- 


Jus radices omnes x data differentia 3% vel excedunt vel deficiunt a radice 
quæſita 2. N | : 
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Exem. I.] 24 + b 2: —apzz — 4aaqz + aaar = 0. 
Sit x 2b = 2 Et erit 
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+ aaa = + aaar 

Harum omnium ſumma fit æquatio nova ſecundo termino carens, quæque 
proinde juxta Regulam Carteſianaln conſtrui poſſit, ſecundo loco; p di— 
midium coefficientis termini tertii per à five Latus rectum diviſi, hoc elt, 


5 hb I ! | I . * yo 1 . . 1 . 
ws Ea = p; ac Loco — 9 dimidium coefficientis termini quarti per aa 
5 — 1 & LESS 2 | Es 


diviſi, ſive + + wn + —— — — . Cujus partes ſigno + notatæ 
= I | 


ſiniſtrorſum ab Axe, figno — notatz dextrorſum collocandz ſunt, ut habca- 
tur centrum Circuli ad conſtructionem requiſiti, ac cujus interſectiones cum 
Para bola, demiſſis in axem perpendiculis, radices omnes veras x deſignet, at- 


Fe firmativas quidem ad dextram axis, negativas vero ad ſiniſtram. Cum vero 
2 #— % =2, ducendo lineam axi Parallelam, ad dextrum ejus latus & ad di- 
1 ſtantiam 4 b, perpendicula illa ad hanc Parallelam terminata deſignabunt, 
F omnes radices quæſitas 2, athrmativas ad dextram, negativas vero ad ſiniſtram. 
Radium circuli quod atrinet, habetur ille addendo partes negativas ac aufe- 
MB rendo partes affirmativas termini quinti à à diviſi, & quadrato lineæ A E, 
3 a centro invento E ad verticem Parabolæ A ductæ: id quod maxima ex parte 


efficitur capiendo loco lineæ A E lineam EO, qua ad O interſectionem Pa- 
rabolæ ac parallel æ prædictæ terminatur; ejus enim quadratum omnes termi- 
ni quinti partes ex ablatione termini ſecundi æquatiòni novæ ingeſtas comple- 
ctitur (uti facile probabitur): ac reſtat ſolummodo ut ipſius EO quadratum 
augeatur, ſi in æquatione habeatur — 1, vel minuatur, ſi fit H 7, additione vel 
ſubductione rectanguli a r, unde conflatur quadratum Radii Circuli quæſiti. 
Hæc eſt Merhodus inveſtigandi regulam centralem D. Bakeri omnibus cau- 
tionibus libera, ac ſatis facilis: ac ſola differentia ex eo provenit, quod ego 
juxta Axem, ille vero juxta Axi parallelam circuli ejuſdem centrum determi- 
nat; quodque ego ſemper radices affirmativas ex Axis dextro latere invenio, 
quas ille nunc dextro nunc ſiniſtro conſtituit. 3 | 
Equartiones cubicas quod attinet, ex reduci debent ad Biquadraticas, ante- 
quam eadem regula generali conſtrui poſſint: id quod fit ducendo æquatio- 


* 


1 nem propoſitam in radicem ſuam 2, unde provenit 2 Biquadratica in 

> qua deficit terminus ultimus five 7; quapropter ſublato ſecundo termino & in- 
vento centro E, linea E O eſt radius Circuli; cum ſcilicet ar fit , & in nova 
3 æquatione totus terminus quintus ex ipſa ablatione termini ſecundi oriatur. | 
RB „„ BE” © wv Exemp. | 


5 "100: 
Exemp. 2. 23 — ZZ THA +aaq =0: Quæ ducta in z fit 
24 — U Fapzz+Faagz=o0 _ 1 
Ad tollendum ſecundum terminum ponacur x + 5b = 2, & fiet 
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In hac nova æquatione, tertii termini ſemi- coefficiens per 4 diviſa, viz. 
3bb | 


I I * 3 1 
— —= — +—7, loco 9 uſurpanda eſt; ac coefficientis termini quarti di- 
| 2 | 2 4 : | | 


midium, diviſum per a 4 Lateris recti quadratum, viz. — = — + — — 


16 24a 4 42 


＋2 4, vicem ipſius x q in conſtructione Carteſii ſubit: unde centrum E, de- 
terminatur. Deinde ducta Axi Parallela ad diſtantiam 25 ad ſiniſtrum ejus 
latus (ob x + 5b =>) cujus interſectio cum Parabola fit O; circulus cen- 
tro E, Radio EO deſcriptus Parabolam ſecabit vel tanget in tot punctis quot 


æquatio veras habet radices: quæ quidem radices ſeu z ſunt perpendicula de 
punctis illis in Axi parallelam demiſſa; ad dextram quidem Affirmative, Ne- 
gativæ ad {iniftram. — 


Si in æquatione defuerit terminus tertius vel quartus vel uterque, inveſtiganda 
regula centrali nulla omnino obſervanda eſt hich. he's differentia, ſed deficiente 
quantitate p vel 4, deerunt partes illæ linearum C D ac DE ex quantitate illa a- 
liquo modo deductæ, ac procedendum eſt cum reliquis coefficientibus termini 
tertii & quarti in æquatione nova, ſicut in præmiſſis exemplis præſcriptum eſt. 
HFactenus C7. Bakeri methodum generalem pertractavimus, qua quidem nulla 
alia facilior ac paratior expectanda eſt, aſſumpta ad conſtructionem ſive Parabola, 
five alia quavis linea curva, cum ſcilicet æquatio ad Biquadraticam aſcendit. 
Etenim dum hæc ſcribo mihi occurrit regulæ Centralis Effectio Geometrica 
præter omnem fpem expedita, ac harum rerum Curioſis abunde ſatisfactura. 

Deſcripta Parabola N A M, cujus vertex A, Axis ABC, ac latus rectum a, 


reducatur æquatio ad hanc formam 24. 5 28. 4 p & z. aa gz. a r. = o, vel ad 


hanc 2*. Z. 4 PpZ. aaꝗ = o, fi cubica tantum fuerit: dein ad diſtantiam 
BD = ducatur linea D H Axi parallela, ad ſiniſtram quidem ſi fuerit 


3, ad dextram fi + 6, Parabolæ occurrens in p ncto D; de quo demit- 
continuata verſus B fiat 


tatur perpendiculum in axem B D. In linea A 
BK =+4, & ducatur linea DK utrinque interminata. Porro fit K C = 
2 AB in Axe ſemper ultra K continuato; ac ſie habeatur quantitas p 
ſigno — affecta, verſus eaſdem partes etiam ſumatur CE = + p, vel 
in, contrarias fi habeatur + p, ac è puncto E erigatur Axi 22 

| ; iculum 
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667) 


diculum EF (vel è puncto C fi defuerit quantitas p) lineæ D K, fi opus 


eſt continuatæ, occurrens in puncto F; quod quidem Circuli requiſiti cen- 


trum eſt, fi defuerit quantitas 9; aſt fi habeatur , ſumenda eſt in F E, ſi 
opus eſt continuata, linea FG = + q, ſiniſtrorſum quidem ſi fuerit + 9, 
dextrorſum ſi — 4 collocanda: Et punctum G erit centrum Circuli ad con- 


ſtructionem propoſitam idonei; ejuſque Radius, ſi deſuerit quantitas , hoc eft, 


ſi tantum Cubica fuerit, erit linea G D; cujus quadratum in Biquadraticis au- 
gendum eſt, ſi fuerit — , vel minuendum, ſi + 7, additione vel ſubductione 
rectanguli ſub 7» & latere recto. Deſcripto fic Circulo, ab interſectionibus 
ejus cum Parabola demiiſis in lineam D H perpendiculis, quæ ad ſiniſtram 


ſunt, ut NO, radices æquationis negativas ſemper deſignant, quiz ad dextram, 


ut ML, affirmativas. 


Aliter ac paulo ſimplicius Aquationes Cubicæ juxta Schooteni Regulam 
conſtruuntur, quaque etiam radices ad Axem referuntur : quoniam vero ipſe 


_ inventor nec modum inveniendi, nec demonſtrationem inventi exponit, nan 
abs re erit ejuſdem fandamentum hic adjicere, ſimul atque Effectionem Geo- 


n | ae 
Hæc Regula derivatur ex eo quod omnis æquatio Cubica reduci poſſit ad 


metricam concinniorem reddere, atque cautionibus quibus implicatur extri- 


| Biquadraticam, in qua deficiet terminus ſecundus: Hoc fit ducendo æquatio- 
nem propoſitam in z — þ =o, ſi fuerit g- in æquatione, vel in z + o, 


ſi fuerit — ; & æquatio nova producta eaſdem habebit radices cum Cu- 
bica, atque inſuper 2 ipſi — 4 æqualem, {it fuerit — “ in æquatione; 
vel contra. i 8 5 > N 
Proponatur conſtruenda x — 2*b + apz2 + aag = 0. 
Hzxc ducta in z + b fit 31 — 2*b Laps + aaqz. ” 

So ＋ 23 —bbzz + abpz + 4446. 


Hic deficit ſecundus terminus, ac coefficiens tertii — b ＋ 4 p day 


7 bb | * . n N 
_ 2 p loco 25 vel CD in Conſtructione Carteſii, & ex dimidio coeſ- 


ficientis termini quarti fit + + ＋ 7 - loco 7 q vel D Euſurpanda; adeoque 


determinatur centrum Circuli quæſiti: atque ob datam unam ex radicibus æ- 


quationis novz, viz. — vel +, dabitur etiam punctum in circumferentia, id 
eſt Radius ejus. Denique deſcripto Circulo, ab interſectionibus ejus cum Pa- 


rabola demiſſa in axem perpendicula æquationis radices exhibebunt, affirmati- | 


vas & negativas, eadem lege ac ſupra. „ 8 
Inveſtigatur autem centrum Circuli conſtructione perquam facili, cæteriſ- 


que omnibus in Cubicis præferenda. Deſcriptæ Parabolæ AMD fit ver- 


tex A, atque Axis AF: ad diſtantiam ipſi þ æqualem ducatur Axi parallcla 
D K, ad dextram fi fuerit + & in æquatione, ad ſiniſtram fi — h, qua Para- 
bolæ occurrat in puncto D. Centris D & A deſcribantur Radiis æqualibus 
arcus occulti utrinque ſeſe interſecantes, ac per ſectionum puncta ducatur 
linea interminata B C, quæ medio lineæ ſuppoſitæ A D perpendiculariter inſi- 


K 2 e ſtat, 


* „ 
| 8 tat, & Axi occurrat in puncto E. Ab E, inferne quidem ſi in æquatione ha- 
| beatur — , vel ſuperne verſus A {1 fuerit + p, ponatur EF ; & ex F 5 
(velkex E fi defuerit ) educatur perpendiculum F G, lineæ B C occurrens 1 
j pn in puncto G; & in F G producta fiat G H =7 9, dextrorſum quidem ſi in 9 
2quatione habeatur — 9, aliter ſiniſtrorſum, applicanda: ac punctum H erit , 
= Centrum quæſitum, HD vero Circuli Radius, qui demiſſis in Axem Perpen- 2 
=. diculis ab interſectionibus ſuis cum Parabola, ut LM, Radices omnes, ut pri- "M 
| us, commonſtrabit. 7 „ = | 
| oy 2. EX Carteſio & ex ſupradictis conſtat, tam in Cubicis quam in Biquadra- 
© Kors im job ticis æquationibus, Radices exponi poſſe demittendo perpendicula in Axem, 
| „ diametrum Parabolæ datæ, ab interſectionibus Curyz illius cum 
Signs; by A. Circulo. Cum Circulus Parabolam ſecans, vel in quatuor vel in duobus 
E- Edm, Hall:y. punctis cam interſecare neceſſe eſt, conſtat in Biquadraticis vel duas vel qua- 
Nor A 1387. tuor radices veras, Affirmativas vel Negatiyas, ſemper haberi; uti etiam, fi 
| forte Circulus illam tangat, quo in Caſu æqualitas duarum Radicum ejuſdem 1 
| ſigni concludirur. In Cubicis autem, quoniam una ex interſectionibus ad ; 
| Conſtructionem requiritur, non niſi una vel tres reliquæ Radices deſignant u- 
| nam vel tres; uti in Caſu Contactus, unde conſtat duas æquales reperiri Ra- 
(| dices, Problemaque unde reſultat æquatio revera Planum eſſe. 
| 
| 
| 


Cubicz itaque omnes quomodocunque affectæ una vel triplici Radice ex- : 
plicabiles ſunt, utique ſemper poſſibiles, nempe ſi Radices Negativas pro ve- 
ris admiſeris: fic Biquadraticæ, quarum terminus ultimus V ſigno — affectus 
eſt, duabus vel quatuor. Aſt {i habeatur + 7 in æquatione, eaque tanta fit, ut 


= a / GDg—ar minor ſit, quam ut Circulus, eo radio ac centro G deſciptus, 
Parabolam contingere in aliquo puncto poſſit, xquatio data omnino impoſſibilis 
5 eſt, nec ulla Radice Negativa vel Affirmativa explicabilis: Sed de his plura 
1 in ſequentibus. | g | 
j Quoniam vero tanta intercedit differentia inter caſus Cubicarum & Biqua- 
draticarum, ut ſimul comprehend nequeant z primum Cubicas deinde alteras 
M tractabimus. Cubicæ vero infinitis Circulis in data Parabola conſtruuntur, 
1 Biquadraticæ autem unico tantum (ſaltem his methodis): Id adeo quia ponen- 
do z—e five indeterminata aliqua, æqualem nihilo, æquatio Cubica reduci- H 
tur ad Biquadraticam eaſdem Radices cum Cubica habentem, atque inſuper 1 
aliam ipſi e æqualem; unde fit ut tot Circulis diverſis conſtrui poſſit Cubica, 
quot imaginari velis quantitates e, id eſt infinitis. Inter has vero Conſtructiones, 
illa quam ſuperius (S. 41t.) dedi longe facillima eſt. Huic tamen non multum 
cedit alia, quæ ad enucleationem Numeri Radicum, earumque Limitum ma— 
gis accommodata videtur, quæque ortum trahit ex ablatione ſecundi termini, 
ponendo modo vulgari x = 2 + vel tertia parte Coefficientis termini fe- 
Fiz. 51, cundi. Hac autem eſt. Data Parabola ABY ejuſque vertice A, Axe AE & 
Latere recto a, reducatur æquatio ad formam conſuetam, viz. S. 6 *. 
aP2.4a4q=0, Deinde ad diſtantiam + 9 ducatur Axi parallela B K, dex- 
trorſum quidem ſi fuerit + , aliter ſiniſtrorſum, Parabolæ occurrens in B; 
ac line ſuppoſitæ AB erigarur perpendicularis utrinque interminata DP, 
Axi occurrens in puncto G. De B in Axem demitte perpendiculum BC, & 
ipſi AC hat G E ſemper æqualis, ac verſus inferiora ponatur. Ab RE 


R 
e 
3 Ro "4 > n 
c Cn UH 


(9 ) 
E H = z p, ſurſum quidem, ſi in æquatione fuerit + p, deorſum vero, fi 
p ac E puncto H (vel ex E ſi defuerit quantitas p) educatur perpendicu- 
lum HQ interminatz DP occurrens in puncto O. Denique in linea H Q in- 
terminata, fiat OR = + 9, ab O dextrorſum ſi fucrit — 9, Siniſtrorſum ſi 


J 9, collocanda: ac Circulus centro R, radio R A deſcriptus, tor punctis {c- 


cabit Parabolam, quot æquatio propoſita veras habet radices; eæque crunt per- 
pendicula Z Y a punctis interſectionum Y in Axi parallelam B K demiſſa; qua- 
rum quæ ad dextram lineæ B K Affirmativæ ſunt, ad Siniſtram Negativæ. 
Hujus Conſtructionis commoditas in eo conſiſtit, quod Circulo per verticem 
tranſeunte peragitur, perinde ac ſi defuiſſet ſecundus terminus; ideoque ad Ra- 
dicum Numerum determinandum, ſufficit Loci five Lineæ Curvæ proprietates 
perſpectas habere, quæ ſpatia diſcriminat, ubi ſi ponatur Centrum Circuli qui 
per Parabolæ Verticem tranſeat, circumterentia ejus vel uno vel tribus aliis pun- 
Ctis eam ſecabit; hoc eſt Lineæ curvæ, in quam incidunt centra omnium Circulo= 
rum per verticem tranſeuntium ac deinde Parabolamtangentium, naturam definire. 
Locus autem ille eſt Parabolois, quam cum Cl. Walliſio ſemicubicalem appel- 


lare licet, five in qua Cubi applicatarum ad Axem fant inter ſe ut Quadrata por- 


tionum Axis. Cujus Latus rectum eſt, J Lateris Recti datæ Parabolæ, Ver- 
tex vero punctum V exiſtente AV dimidium Lateris recti ejuſdem Parabolæ. 


Hoc eſt, ſi ponatur Unitas pro Latere Recto datæ Parabolæ, — Cui ordina- 


3 7 
tim applicatæ æquabuntur Quadrato partis diametri, five cubus ex; V H qua- 


drato ex H R, ſi ſcilicet K fit Centrum Circuli qui per verticem Parabolæ tran- 


ſeat, eamque deinde contingat; Hæc eſt Curva illa quam primus mortalium Ne- 
lius Noſtras rectæ datæ æqualem demonſtravit, eaque occaſione apud Principes 
Geometras dudum celebris; ejuſque proprietates Cl. Malliſius ſub finem Libri de 
Ciſſoide, & Hugenius Prop. 8. & 9, de Linearum Curvarum Evolutione, aliique 
acri ingenio diſquiſivere, quorum ſcripta conſultet Lector. Hæc Curva utrin- 
que ab Axe Parabolæ deſcripta, viz. VNL, V PX, ſpatium complectitur, 
in quo ſi ponatur centrum Circuli, qui per verticem A tranſeat, interſecabit 
ille Parabolam in tribus aliis punctis; ſpatia vero ab Axe remotiora Centra præ- 


bent Circulis non niſi uno præter verticem puncto Parabolam ſecantibus. 


His probe intellectis jam ad determinandum Radicum Numerum accingi- 
mur: Ac primum deficiat ſecundus terminus; ſitque Latus Rectum 1j vel A V 
8 conſtructione V H eſt 2, HR vero 3; cumque ſi fuerit -+-p, ab V 


verſus ſuperiora ponenda fit 3, Centrum Circuli extra ſpatium L V X ſemper | 
conſtituitur; ideo que una tantum Radice explicabilis eſt, Affirmativa ſi — 3, 
Negativa {1 + 9: quæ quidem Radices Cardani Regulis inveſtigantur. Si vero 
fuerit — , VH =+p inferne ponitur, ac ficri poteſt ut HR cadat inter 


Axem & Curvam VX vel ML, {i ſcilicet Cubus ex 3 VH, five ex 3%, ma- 


: VVV n I 5 
jor ſit quam quadratum ex — 4, five — p major quam 4%, quo in cas 


tres dantur Radices, duæ Negative, ſi fuerit — 4, ac una Affirmativa earum 


ſummæ æqualis; vel fi + 4, duz Afirmativa: unaque Negativa. Quod ti 
I | | 


. 5 X 1 | 
el . — — — 
25 miner ſit quam — 11 vna tantum reperitur Radix, Affirmativa ft — g, 


- Negativa 


E. 
| 
1 
| 
| 
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oo O00, ” 
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Negativa fi + 2. Atque hæc paſſim docentur ab iis qui hanc Geometriæ 

- partem tractarunt. "HL 1 = 
Jam adſint omnes termini, ac primum proponatur, e. g. æquatio hæc 

2 — *b+2p —q=0,; cui etiam Figuram (51) adaptavimus. In hujus con- 


ſtructione BC= , VG ACA, VE —bb, VH =bb— 
3 2 18 6 7 
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* 1 5 I PP he; +. 
d1ffcrentia inter 7 & — Þ + ; quz ſi æquentur, Centrum cadit in 
855 e , Eacy 2 


Axe; ſi — þ p major fit quam 3 + bu q ad Siniſtram Axis, ſin minor ad 


27 


Dextram. Si itaque Cubi ex VE, (hoc eſt Ut 1 — 7 quam nomi- 


Es 
nemus 4) Latus Quadratum five /4 dd, majus fit quam HR, five differentia 


” I | | . . . - | : 
inter — 5 + = q & 5 b pz reperitur Centrum R intra fpatum NPV, 


27 


Paraboloidibus V PX, V NL, ac recta interminata D N P, circumſcriptum- 


ac proinde Circulus Parabolam ſecabit in tribus punctis V, V, Y, ad dextram 
lineæ B K ſitis, atque adeo æquatio tres habet Radices Affirmativas. Centro 
vero extra hoc ſpatium NVP conſtituto, non niſi una Radice Affirmativa 


explicari poteſt. Hic obiter notandum, Rectam DP Paraboloidem VP&X 


tangentem in puncto P, exiſtente E P , alteram vero VN ſecare in 


27 


puncto N, ita ut demiſſo in Axem Perpendiculo NF, VF fit pars quarta 7 
ipſius E V, five 2 5 + MY oem e autem, quæ è puncto V Axi 


108 


perpendiculariter erecta lineæ DP occurrit in W, æqualis eſt & five — EP. 


Hine tuto concluditur, fi, in æquatione vel p major fit quam , vel ma- 
; 3 1 2 . 25 ; 
jor quam — b:, non niſi unam eamque Affirmativam Radicem reperiri; Fallit 


itaque Regula Carteſii (Edit. Amſt. 1659. pag. 78) ubi tot veras dari Radi- 


ces quot ſunt. in æquatione mutationes ſignorum + & - pronunciat, fruſtra 


etiam in Commentariis ſuis Sphalma hoc excuſante Schootenio; Fingi enim poſ- 
ſunt infinite plures æquationes præcedentis formulæ tres ſignorum mutationes 
habentis, quæ unam tantum, quam quæ tres habeant Radices. Propoſitio 


etiam quinta Seftionis quinte Artis Analytice Harriatti Noſtri, uti Prob. 18. Nu- 


meroſæ Poteſt. Reſol. Viete, vix ſatis firma eſt, cum ex Limitationibus quas ibi 


poſuerunt, toti Parallelogrammo PIV W id conveniat, quod ſoli ſpatio NVP 
jam competere probavimus, hoc eſt ut centrum præbeat Circulo tribus aliis 


punctis præter Verticem Parabolam ſecanti. Quantitas 


« . 5 0 
©” 


1 3 7 3 
7 9 * vel 7 4 b, hinc HO b 5 bp, vel 


— þ — 5 , atque H R, ſive diſtantia Centri Circuli R aB. Axe, eſt ſemper 
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677 1 
| Quanttas autem 75 ſive terminus ult. datis, 5 & p ea lege ut p minor ſit 


quam — — 5 5, accurate limitatur ex præcedente æquatione / d d d = 


— bi ＋ 4279 - 5 Ps cum ſcilicet Circulus Parabolam contingat.  Iraque 
74 


27 minor eſſe debet quam — — bp — 7 b l-y/ d F d; at {i 5 major fuerit 


quam 1 * majorem etiam eſſe oportet — 17 quam — LI p — — * ds, 
2 


ne cadat centrum in ſpatiolo NVW. A his conditionibus æquatio ſemper 
triplici Radice explicabilis erit, aliter non niſi una. Semper vero, ſive tres ſive 
una, Affirmativæ ſunt, ob poſitionem centri R ad dextram lineæ DP. 
Atque hic eſt caſus maxime difficilis, ita ut quicunqug præmiſſa bene cal- 
leat ſequentia facili negotio intelligat. Detur jam' æquatio 2 — bz* pz 
+q=0. Hic ut tres habeantur Radices, oportet Centrum Circuli alicubi 
intra ſpatium PN a, rectis PN, P 1 & cutva Paraboloidis N A, 


reperiri; quapropter cum E F ſit = = —bb, P minor eſſe debet quam — 6 b: 


I 1 
jam ad determinationem quantitatis 75 exiſtente 4 = 7 1 P, Ut antea F 


©. 


4 add 4 $$ b + —5 b þ ſemper major eſſe debet quam . ut conſtitua- 


tur Centrum Circuli in 7 prædicto PN 4: quod cum "i æquatio talis 
duas habet radices Affirmativas ac unam 1 Si vero 7 major eſt 


quam 2 vel —9 major quam y ddd + . * bb 5— 5. non niſi una 


eaque Negativa Radice explicabilis eſt. 
Proponatur jam æquatio 23 — 2 — ” 2 — 7. =O. Ur hæc æquatio 
tres habeat Radices, oportet Centrum Circuli alicubi inveniri in ſpatio indefi- 
nito, inter rectam DFP & . Paraboloidis PX; hinc quantitas non 


* obnoxia lunirationibus, - — q vero ſemper minor eſſe debet quam d dd 
2 


ng bb b — — —b b, poſito 4 = — b b + 3711 Hoc pacto duæ . 
Negativæ, ac : una Affirmativa; alter vero = _ major fit quam / ddd — 


— . — —- —þ unica rantum Affi ativa * oni poteſt. Quarto loco 4 
"4 5 mativa CXporit p Qu 


æquatio 23 — 3 2* — pz + q =o, que duas Affirmativas habet Radices ac 
unam Negativam, fi AMY Circuli reperiatur in ſpatio indefinito inter 5 


Pa, PD, ac curyam Paraboloidis aL; hoc eſt, (poſito d 23 + $4 * 
* 


i 27 minor fit quam y/ ddd + got + pin 6 vero q major 


b quantitate fucrit, una tantum Negativa ineſt Radix. | 
: i ; | 8 


8 Fx © 4 * * " —_ g 7 
* 4 n * ” 3 . p dy N 0 
þ > * 
0 1 I © 
\ 0 


Quatuor autem æquationes reliquæ, in quibus habeatur &, quoad limi- 


tationem Numeri Radicum, non differunt à prædictis, ſi ſignum termini ultimi 


mutetur, ſervato ſigno termini tertii; quæ vero Affirmativæ erunt Radices in 


illis hic fiunt Negativæ, & vice verſa. Sic in æquatione, 2* — n + pz 
'— 4 = ©, una vel tres erant Affirmativæ Radices; in hac vero, 2 + þ2* 
＋ 2 +4=0, vel una vel tres Negativz ſunt, ſub iiſdem conditionibus; 


fulla vero omnino Affirmativa. Sic in 8 ＋ b 2* + pz —q =o, duæ ſunt 


3 5 . I I i 
Negativæ & una Affirmativa, fi p minor fit quam — 5b, ac minor quam 


u& af ＋— b3 — — bp, quemadmodum in 2 — þz* wt 2 + q =o, duæ 


1 
* 


erant Affirmativæ & una Negativa; excedentibus autem leges præſcriptas 


5 vel q, una tantum hic eſt Radix Affirmativa, quæ ibi Negativa erit. Pari 


modo in 233 þ+b2*—pz T= o, vel duæ ſunt Affirmativæ ac una Ne- 


gativa, vel una Negativa tantum; denique jiſdem de cauſis in æquatione, 
23 + 5 * — pz — 4 du ſunt Negativæ & una Affirmativa, vel una 


Affirmativa tantum, quibus in æquatione, 2 — 5 3 — 9 2 + 9, duæ 


erant Affirmativæ & una Negativa, vel una Negativa tantum, nempe prout 


Eyed EDIT ESD 0 I 
— q major vel minor fuerit quam / d* + _ PD b p. . 


; - F * | : | | ; | $4 | . - 2 | 5 
Si defuerit terminus tertius, ſive p 2, Centrum R ſemper cadit in linea 


IPE; quocirca ſi fuerit 233 — . K. — 9, vel 5 + 5 2. * + 7, 


una tantum eſſe poteſt Radix, fi — b, Affirmativa, ſi -+ b, Negativa. At ſi 
fuerit 2 — zz. * 4 %%, vel 2 + b 2» .*, — 4, duæ poſſunt eſſe Affir- 
mativæ ac una Negativa in priore, vel una Affirmativa & duæ Negativæ in 


poſteriore, cadente Centro in linea P A inter P ac a, hoc eſt ſi — minor 


1 | . „ a r Xe 2 . . 6 ; 
fir quam — #3; fin major fuerit, una tantum Negativa in priore, vel una 


Affirmativa in poſteriore, dari poteſt. 5 3 
HFHactenus Numerum Radicum in Cubicis æquationibus plenius aſſecuti ſu- 


mus; reſtat ut nonnulla adjiciam de Quantitate Radicum. Hic primum No- 


tandum, quod omnis æquatio tres habens Radices ope Tabulæ Sinuum, 


Triſectione ſcilicet Anguli, ſatis expedite reſolvi poſſit: Ponendo ſcilicet, 


* Ebb T 2, vel. 44, ſi fuerit + p in xquatione, vel y/ ©3233 +£ p 


9 a 


ſi — 9, pro Radio Circuli 3 Angulum vero triſecandum qui Sinum habeat in 


9 


| „ 1 

5 —6+t—bp + =—g. 

Tabula Sinuum 3 2 3 Xx 
I Ka * * 7 d, * 


partis ejus, ut & Sinus tertiæ partis compl. ad Semicirculum, eorumque ſumma, 


ex Tabula Sinuum dabuntur. Hi vero Sinus in Radium y/ * bb + 4, du- 
cendi ſunt, & habebuntur Quantitates (y &, y &, y &, in Fig.) quarum & T7 b' 


I | vel 


— 3. Invento hoc angulo, Sinus tertiæ 


3 
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Set 


titatis p, arctioribus terminis Radices includuntur. Maxima enim Radix minor 


at cum — 66 minor eſt quam p, limes ille fit / - þ þ mw. 


— 5 


55% T7 

vel Summa vel differentia, prout caſus poſtulat, veras Radiccs Æquationis exhi- 

bebunt. Hæc omnia ex inventis Carteſi derivantur: Ut vero caſus omnes, quan- 

tum fieri poſſit, breviter complectar, dico quod Centro R, in prima æquationum 
formula, eadente in ſpatio V G Þ, Sectiones duæ V, V, cadunt inter A & B, 


* EE 1 5 I IS 
ac proinde utraque ex Minoribus Radicibus Minor eſt quam —, tertia autem 


| ö | N : 3 

& Major ſemper ſuperat ri þ, ſuperatur vero a5, Quod fi cadat in ſpatio 
TE RE I a 5 5 | 2 

G NV, duæ majores ſunt — „ minores vero quam &, tertia vero eſt 


þ — duabus alteris, ac proinde minor quam — 6: Sed adhibitaLimitationeQuan- 


pr E 4 a F ge 
eſt quam / = * F vero quam / —bb = - 5 
oe 4 2 


—— — 


7 + 25 Ra- 


3 
5 5 „„ 3 5 
dix media ſemper minor eſt quam / b— p+ —6b; major vero quam 
E446 Ss Hg 3 nk 


by - b hb — 7 p; hunc vero limitem nunquam excedit Radix Mini- 


3 


12, ſed cum Quantitate 9 evaneſcit. 


In ſecunda formula præſcriptis legibus duæ ſunt Affirmativæ ac una Nega- 


tiva, cadente Centro in ſpatio GP E, altera cx affirmativis major eſt, altera 


minor quam — U; Major vero non excedit , Negativa autem Major non 


5 


F 


eſſe poteſt quam / - — , eſt autem differentia ipſius & ſummæ 


Affirmativarum. Centro autem in ſpatio ENG a pdſito, utraque Affirma- 


33 5 [ I 3 
tiva major eſt quam —#, minor vero quam / — 96 + , Negativa vero 


I 3 


ſemper minor eſt quam — 5: Limites autem propiores ex data evadunt ws. 


3 a | 5 | : = ; | I 5 
dicis quidem maximæ Affirmativæ / 1 5 + —6, qua ſemper minor 


eſt, ut & major quam / — b þ — - p + I; hoc tamen limite minor eſt 
* 3 xt 1 | Som 
altera Affirmativa, quæ cum quantitate q minuitur. Negativa vero ſemper mi- 
[ — 


nor eſt quam = 59 — — p — * V, ac deficiente quantitate q evaneſcit. 


In tertia formula duz Negative ſunt ac una Affirmativa: in hac, ut & in 
quarta, Radices non limitantur a quantitate h. Affirmativa vero ſemper minor 


l I 4 4. 1 1 . == 2 a a 5 He 
et quam — bb x 3 2 + Ta major tamen quam Y + —bb + 5 
| FEE | ; ( + 

. 1 | Maxima 


(74) 


2 
Maxima vero ex Þ Negativis Aae 8 eſt: quam y/ 7 bb + * 2 2 


ph 17 0 . : | 
minor vero quam y/ p + — —5 5 — 25. Minor autem ex Negativis ſemper 
4 ö 


I, © 


minuitur cum minuta quantitate 9. 
In quarta formula, cadente Centro intra ſpatium LaPD; ſi duæ ſint 
Affirmativæ ac una Negativa, Maxima ex 7 _ eſſe nequit 


quam />. + <5 + —b, nec minor quam / 34 E I? N 
4 


nor vero radix ab hoc lane minuitur, minuta S 7 2 autem minor 


eſt quam y + bb + Tp ——b; major vers quan y 44 2-3). — —b, 


Newbie: vero hic Radic; Negativas ubique ſigno Affirmativo * 
quia haz ſunt Radices Affirmative quatuor Xquationum illarum, in quibus 


habetur + 5, ac q-igno contrario notatur; ut ſupra monui. Horum omni- 
um Demonftr: atio ex eo conſequitur, quod ubicunque Centrum Circuli R in- 
cidit in Lineas curvas V P X, vel VL, N cjus Parabolam tan- 


git in puncto, cujus diſtantia " axe eſt / V H, eamque ſecat ex altera 


Axis parte, ad diſtantiam 2 / — =VH; cum vero Centrum cadit in Lineam 


DPD, altera ex Radicibus fit = o, ac proinde Cubica reducitur ad Quadra- 
ticam, five ad æ bz +p=0, cujus Radices Limites deſignant ubi evaneſ- 
Cit quantitas qz ac quo minor Eſt , eo propius ad hos limites accedunt Ra- 


dices. ENTS eſt etiam cum Centrum _ in O01 hoc eſt, cum 


= =— b p — 5A in — formula; vel - — q = = 35 — 4 1 in ſe- 


\ 


cunda; in tertia impoſhbile eſt; at in quarta cum — 7 7 = — 55 += 23 quo 


— 


— 


in n caſu Minor ex Radicibus Aris eſt + b, ger F 4 bb \-þ *3 355 


Negara vero TE 13h ＋ So b. In prima, ation ſunt 555 by & — b 
3 3 


88 * "RY 


** * In ſecunda vero formula, Th & A bb - + pk b, 


n 


17 
ſunt 1 Negativa autem / . 2 


Atque hxc in Cubicis ſufficere poſſe videntur 1 eximium vero Uſum 
Methodi, qua ope Tabulæ Sinuum Radices harum æquationum in- 
veniuntur, placuit unum vel alterum Exemplum * ut Praxis 
thus compendium inde innoteſcat. Proponatur A.quatio 23 — 39 2* 
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9 * 


+ 479 z — 1881 ; quæruntur Radices x. y — 511 — —p= 95 
| | = 5 | 9 3 2 
I Ee 1] 


— , —q— —-0#p 
= y/ d, cujus duplum / 37— Radius cſt Circuli; & ZZ ___3}__ — 


1 


2 


21% ＋ 3113 


X —_ , ſive > i * 1 eſt Sinus Tabularis Anguli, 

5 CC . 
hoc eſt, facta diviſione ope Logarithmorum, Log. 9. 9251560, cui reſpon- 
det Angulus 57 gr. 19 m. 1125. Hujus tertia pars 19 gr. 6 h. 24s. & 
complementi 40 gr. 53 m. 36 s. Sinus dant Log. 9. 514983, & 9. 816011, 


qui ducti in Rad. / 377 producunt V &, et Y &, Log. o. 301030. ==2, et 


Log. o. 601059 = 4, tertio vero V &, æqualis eſt eorum ſummæ live 6. 
Ideoque Radices ſunt 13 — 4 =9, 13 —2 = I, & 13 +6 19; ex 
quibus ſingulis conflatur prædicta æquatio. Ubi Notandum, duas Minores 
| Radices non excedere —b vel 13, quia Centrum R in conſtructione cadit 
=. | I To I I 
ad dextram Axis; id eſt 1 þ p minor eſt quam 27 05 138 5 7. 
Exemplum alterum fit „ — If * — 229 xy — F25 = o, & quæ- 


rantur Radices y/ 5 bb + 175 = Y/ 101 F = / d, & Radius Circuli 


1 1 


3 


e e , ß 
75 — = Sinui Tabulari Arcus, cujus Log. 9. 9736426, & 

101 % 101 7 9 5 | | " 1 
Arcus ipſe 70 gr. 14 m. 225. hujus pars tertia eſt 23 gr. 24 n. 47 . & Com- 
plementi 36 gr. 35 m. 12 + 53 quorum Sinus Log. funt 9. #99103, & 
9. 775275, quibus addito Log. / 4oy T fiunt Log. o. 90 3089 =8, & 
Og. I. 079181 = 12, & corum ſumma = 20: Hinc concluditur 20 
I 


| +=, vel 27, æquari Radici Affirmative, & 8 & 12 — 17 ſive 3 & 
7 Negativis: Quod fi æquatio fuiſſet x3 + 15 * — 229 * J #24 =0, 
2 & 7 fuiſſent Affirmative; 25 vero Negativa. Cæteræ autem Cubicæ 
unica tantum Radice explicabiles juxta Regulas Cardani reſolvende ſunt, 
paſtquam demptus fucrit ſecundus termipus; nec video quo pacto 
minori calculo hoc negotium peragi poſtir. At, 1 deſideretur Radix 
hæc in Quantitatibus, 5, p, 9, exprefla, dico eam eſſe in pruna = 

+ mula, 


) wy 


5 . f 1 
76 1 


— 2 * 
1 
* . 2 2 


255 [ —— , . . | 0 | 
mula, T 5 + vel — ſumma vel differentia Radicum Cubicarum ex 
r3 vg | 


TEE EE 5” 


EEE LT ET LEAR Et 
„ TT ET THO EW TT 

1 Ml TI EI 1 : "MF 
6 b p: viz. , 1 25 b 1 major ſit quam _ 5 p, aliter —; Summa KB 


vero quoties T 6 major eſt quam 2; ſin minor fuerit þ 6, differentia. 


Itaque cæteris formulis Radix ſemper conflatur ex iiſdem elementis, variatis 
tamen ſignis + & , ut facile percipiet qui velit experiri. | „ 
Ope vero Tabulæ Logarithmicæ Sinuum Verſorum Radices hæ ſatis prom- 
pte inveniuntur: nempe ſi coefficientis Numeri ſint ſurdi vel fracti, ac Radi- 
ces Numeris ineffabiles; ut plerumque fit. Hæc autem eſt Regula: in prima 


ac ſecunda formula, 4 5 minor fit quam 2; fit ; 2 —5 a 5 


% 3 n 
£ — r =? 2 s * RN. wy 1 8 
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poſita differentia inter —bp * 27 * 2 4 hoc eſt HR, in prima, ac in- Hz 
5 1 I 5 5 FW | 
ter = b p + : 7& 27 b3, in ſecunda, pro Radio; inveniatur Angulus | 
cujus Tangens eſt 4 / d. Deinde ut Co- ſinus hujus Anguli, ad ejuſdem Sinum 

Verſum; ita differentia pro Radio habita, ad quartum; cujus Latus cubi- 


cum triſecando Logarithmum habebitur: ac diviſo = p — 5 bb per hoc La- 
tus Cub. & Quoto ſubducatur Diviſor, Reſiduum erit quantitas V &: Hujus Re- 


ſidui ac 3 ſumma, ſi centrum cadit ad dextram Axis, aliter differentia ea- 


rundem, Radix erit quæſita. Quod ſt - bb major fit quam , poſito HR 
pro Radio, ſit d / d, five diſtantia Paraboloidis ab Axe, Sinus Arcus cujuſ- 
8 3 i 580 
dam; Hujus Sinus verſus ducatur in Radium, five 67 — 20 55 + — 75 


vidatur 5 b þ — F P. Dico Quori ac Diviſoris ſummam cadem lege addi- 
tam vel ablatam ex 5 „ Radicem quæſitam exhibere. Ac par eſt "= 
in tertia ac quarta formulis, niſi quod * ＋ 5 by + 2 q pro Radio aſſu- 


| menda elt, ac 55 . J 5 in / 5 b6+5 p fire d /d pro Sinu: Sedhae 
præcepta exemplis fortaſſe melius percipientur. 


Sit 


(77) 


Sit æquatio Cubica, 22z2—17 22 + 54 £— 3 o, ac quæratur Radix 2 


Hic 7 b b major eſt quam p, ſed 9 major eſt quam Cubus ex 3 ideoque una 


tantum Affirmativa Radice explicabilis eſt. Jam 269 _ #4 eſt d ac — feet. 


9 3 3 
pro Sinu habenda eſt, ad Radium 72 + 175 — 153, hoc eſt 28 


cus vero competens fit 1 C gr. z n. 495. Hujus Sinus Verſi Log. 8. 5362376, 
additus Log. Radii 2. 309593, dat o. 8457889, cujus tertia pars o. 28 19276 


. „ 
eſt Log. Radicis Cubicæ 1. 91394, quo Diviſore diviſo, 8 five d, fit Quo- 
tus 7. 37281; Quoti ac Diviſoris ſumma, aucta additione — b, fit Radix 


3 
quæſita, nempe 14, 95 34, &c. 


Exactis Cubicis Biquadraticas jam aggrediamur. H ſemper vel nullam, 
vel duas, vel quatuor Radices veras habent, quarum determinatio, partim a 


Coefficientibus, partim a ſigno & magnitudine Numeri abſoluti dati, pendet. 
In Conſtructione æquationis 2. — bz2* + pzz — 9z +r o, fit BD= 


405 AB = 175 5B K => ſive dimidio Lateris recti, KC = 2 AB = 


% KEF E- 62 E= is * 


2 16 16 


4 Ps AC EG = 76 55 8 hb pÞ + 7175 quo facto Circulus, Centro G, 


Radio / G D* — 7, interſecabit Parabolam vel nullo, duobus, aut quatuor 
punCtis, quæ perpendiculis in lineam H D Radices omnes 2 exhibent. Ut 
autem quatuor ſint, evidens eſt Centrum Circuli alicubi conſtitui debere intra 
ſpatium, de cujus puncto quovis tria perpendicula in Curvam Parabolæ de- 


5 
— 73 


mitti poſſint; atque ſimul Radium minorem eſſe maximo ex illis perpendiculis 


majorem vero medio. Quod ſi Centrum conſtituatur extra hoc ſpatium, ut 
non niſi una perpendicularis in Parabolam demitti poſſit, qua major ſit Radius; 
vel ſi minor ſit media ex tribus perpendicularibus, major vero quam minima 


ex illis, duæ tantum poſſunt eſſe Radices; nulla vero omnino datur, quoties 


Radius y/ G D* 1, minor eſt minima ex tribus, vel una illa, quoties una 
rantum eſt. Jam quale ſpatium hoc fit, quibuſque limitibus diſcernitur, ac 
quibus conditionibus Radius Circuli minor vel major fit prædictis perpendicu- 
laribus, nobis reſtart inquirendum ac primum 0 
Parabolam demitti poſſit, oſtendendum ett. 


Sit ABC Parabola, AE Axis ejus, A V Semi-latus Rectum, G punctum 
de quo demittenda eſt perpendicularis: Ducatur Axi perpendicularis G E, ac 
biſecetur VE in F, & erecta perpendiculari F H ad idem Axis latus, fiat 
FH =7GE; dico quod Circulus, Centro H, Radio H A deſcriptus, Para- 
— | 85 bolam 


8 


quo pacto perpendicularis in 


Fig. 45. 


Fig FR > 


Fig. 51. 


Fig, 52. 


(78) | 
bolam interſecabit in punctis tribus, vel uno, Z; ad quæ duftz rectæ G Z. 
Curvæ Parabolicæ perpendiculariter inſiſtunt. 


Ut autem tres ſint hujuſmodi interſectiones, oportet Centrum Circul H ita 
collocari, ut ſit intra ſpatium Paraboloidibus incluſum; _ eſt ut FH minor 


fit quam / — VF:, five FH* minus quam cubus ex 5 VF: atque adeo 


GE = = 4 FH, minor erir quam y/ = VF, ave 4 y = YE Es, hoc eſt 
1 


Quadratum ex G E minus erit quam - — CVE. Coincidunt itaque hi Limi- 


Br 
tes cum Paraboloidibus duabus ejuſdem generis cum 1is quibus in Cubicis uſi 


ſumus, ſed e GY Rectum duplo minor eſt, viz. 10 Lateris Recti 
Parabolæ, hoc oft TY ” ipſius AV: ideoque ea ipſa eſt linea Se cujus Evo- 


lutione generatur Parabola, fic demonſtrante Hugenio; quamque ſemper con- 


tingit linea DF, quæ Parabolz perpendiculariter inſiſtit in puncto D. Pun- 


ctum autem P, fre in quo contingit recta D F Paraboloidem, Centrum eſt 
Circuli, qui Radio DP deſcriptus cum Parabola in puncto D coincidit, five 
ejuſdem 7 eſt; ut per ſe ſatis conſtat. 
. itaque hujuſmodi Paraboloidibus VX P, VN, utrinque ab Axe; 5 
Mag icuum eſt quod, niſi Centrum Circuli conſtituatur intra hos limites, non 
it ille pluribus quam duobus in punctis Parabolam interſecare: unde de- 
ee jcet quibus ſub conditionibus Coefficientes terminorum intermedi- 
orum coercentur, in æquationibus Biquadraticis, ut habeantur quatuor Radi- 


ces. Ac prima fronte clarum eſt 2 majorem eſſe non poſſe quam - bb, ((cil. 


> | 1 3 | 1 | | EE * . I : — 
in formulis ubi habetur + p) nec 4 quam _ hz, Generaliter vero — . + 
1 


16 


7 pb + 3 75 id eſt diſtantia Centri ab Axe EG, minor eſſe debet quam 
2 | . a 


EH =4/ VE, hoc eſt (ob VE = 235 + 2 5) quam L 33 
| 135 | I6 2&4 4. 


rius oſtenſum eſt. 
Termini autem ultimi r limitatio eadem facilitate inveniri nequit id adeo, 


quia Problema fit, Solidum in Curvam Parabolz demittere perpendicularem, 
quodque non fine ſolutione xquations Cubicæ reſolvi poſſit. Itaque pri- 


mo loco deficiat ſecundus terminus, vel fi adfuerit, tollatur, ut aquatio 


habeat formulam, 2**.p2*. 42.7. =o. Ac ſi ſuerit — , ſemper dua- 
bus vel quatuorRadicibus explicari poteſt; ut autem quatuor ſint, opor- 


. — 1 8 r 
+ ry 7 9 3 — 7 hb + — —D3 ſignis -- & — in dubio relictis, ut ſecundum 


EKaquationis cuſuſi 18 SES variari pofſint; eee in cubicis ſupe- 


tet Centrum Circuli infra Paraboloides pracdietas conſtitui, five ut fit — P, | 
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( 79 


| w ” 2 1 3 
ac 99 minus quam 5, ſive cubo ex —p. Deinde habeantur Radices æqua- 
27 4 
3 I I * 3 ; : 

tionis hujus PETS P 9. 7 =o, quantitatibus p & liſdem ſignis annexis 
quibus in Biquadratica. Hæ autem Radices auxilio Tabulz Sinuum ſatis ex- 
pedite inveniuntur. Inventis autem tribus illis y, (quæ ſunt ordinatim appli- 
catæ ad Axem Parabolæ, de punctis ubi incidunt perpendicula in Curvam 
ejus ſcil. ZV) py y — 3 3* ex minore h, quantitatem maximam 7 deſignabit, 
ſi fuerit — 7: qua ſi minor fuerit r, æquatio quatuor habebit Radices, aliter 


duas. Alt ſi fuerit + 7, oportebit eam minorem eſſe quam 3)“ 0 ex 


media y, nam {i major fit, non niſi duas habere poteſt Radices, ſaltem ſi mi- 
nor ſit 7, quam 3 ) — p ex maxima y. Hac vero fi major fit, nulla 


omnino Radice vera explicabilis eſt æquatio. Hi vero iidem Limites aliter 


deſignantur ex quantitate , ſcil. 5 7 7 — + in primo caſu, 31 — 27 7 in ſe- 


cundo, ac ) + — 7 in tertio. 


Fieri autem poteſt ut duz minores quantirates y non longe diſtent ab in- 
vicem, unde evenit quod utraque ex perpendicularibus major fit quam recta 


GA, ſci]. cum q q myjus fit quam 5 p, minus vero quam — p33 cadente 
| 2 2 5 


centro intra ſpatium Paraboloidibus (utriuſque Figure fr & Y) interjectum. 


Hoc in caſu, fi fuerit + 7, non niſi duæ poſſunt eſſe Radices, ex- 


iſtente 9“ 46 ex maxima 5, major quam r; aliter nulla. Ar ſi — 
iſtente . + — 9 ima ), major quam y; 7 25 


ex minima y, major fuerit quam # ſigno notata, 7 vero major quam 


I 5 
728 ex media y, tune habentur quatuor radices; at duæ tantum, ſi 


vel major priore vel minor poſteriore inventa ſit r. 
Si vero in æquatione fuerit + p, vel ſi fit — Y & // majus fuerit q 


3 I i TY 
P), æquatio y *. —py. — p, unica tantum explicatur Radice y; hoc eſt, 
una tantum perpendicularis de Centro Circuli demitti poteſt : unde certe con- 
cluditur duas tantum Radices haberi poſſe in æquatione data, quarum Summa, 


ſi fuerit — 7, cum quantitate 7 augetur; at fi habeatur + v, obtenta quanti- 


. . , 1 5 13 
tate y, quantitas illa 7 minor eſſe debet quam y* ＋ —qy; nam ſi ca major fir, 
2 | 


æquatio propoſita abſurda & impoſſibilis eſt, 
TLongum & ſuperfluum eſſet omnes hujus ſenſus æquationes percurrere, 
cum ex jam dictis attendenti fatis evidens fit, quæ Negativæ qua Affirmati- 
ve ſint; atque quod Radicum harum Limites ex quant itatibus inventis y pe- 
tantur. In exemplum vero, quod cuivis in cæteris imitari licet, proponantur 
indagandi Limites five Conditiones ſub qtuibus in Æquatione Biquadratica 4 Ra- 
dices Affirmativæ dari poſſint. Hoc autem fit quoties Centrum Circuli G ponitur 
in ſpatio VP K, ac ſimi) “ ur +7, five Circuli Radius minor quam 0; 


HE 
«4% 1,4 


Fig. 53. 


fig. 52 


=—— : . Ot ny. aa 


Fig, 52. 


= 


„ 5 
Unde patet, æquationem de qua agitur hujus eſſe formulæ, 24 — b zz . 


— 7 2 +r = 0; p vero majorem eſſe non poſſe quam * „ nec 4 2 b, hoc 


F 25 l | "Nj „ 
in caſu, quam 9 55 + 2 deinde o pus eſt ut L 4 5727.0 


—— 


5 55 — = major fit quam — b: 8 1 pb; & ex his Limi- 
16 1 | 16 2 


tibus certo conſtabit Centrum intra ſpatium VP K inveniri. Ut vero definiatur 


; - : 2 I 
quantitas 7, ſolvenda primum eſt Cubica, y* . *. — 25 MON _—_ = bs 
I > * 8 


in Curvam Parabolæ cadunt 


. | . . . | . |; 1 
Inventis autem tribus valoribus hujus 9, 7 minor eſſe debet quam 28 þ 4 


+ —bg—— 5 9b + 375 + py y ex media 3, major vero 


+ | | 
. * 8 „ 55 +? J ) ex mimi 
may. Hos vero Limites fi excedat 1, non niſi duz Radices haberi poſſunt. 


HCV ²˙àĩ ⁵²˙d;!! ⅛[vu, ⅛ʃ wn * 
m_ 3 — — Yeni 


ma y, minor fuerit quam r, æquatio propoſita impoſſibilis eft. 


Accidit etiam ut quatuor fint Affirmativæ, cum Centrum G conſtituitur in 
ſpatiolo VT 8, ducta ſcil. RT S perpendiculari in medium ſuppoſitæ lineæ A D 


hoc autem fit cum p major eſt quam LI 4b, ac 51 —2 5 778 1— 72 


2 1 5 16 1 1 = 
major quam 5 — N 5 5 . Quo in caſu ſemper duæ, ali- 


3 - I. 
quando tres ex Radicibus fiunt majores quam — 5. 


Notandum vero hic limitem illum ex minima y productum, aliquando ne- 


gativum fieri, five minorem nihilo; quoties ſcil. maxima ex tribus perpendi- 
cularibus major eſt quam G D. Hoc, fi acciderit quantitas , a Limite præ- 


{cripto ex media , in nihilum minui poteſt. Defectus vero Limitis ex mini- 
ma) monſtrat quanta poſſit eſſe — r in æquatione, fi habeantur tres Radi- 
ces Affirmativæ ac una Negativa; quam fi excedat, non niſi duæ, altera Af- 
firmativa, altera Negativa, dari poſſunt. Hæc autem omnia demonſtrantur 


ex eo quod prædicti Limites quantitatis r, ſint differentiæ Quadratorum lineæ 


GD & perpendicularium in Curvam Parabolæ. 


Ob e vero cautiones, quas parit in æquationibus hiſce ſignorum diver- 
ſitas, praitat femper ſecundum terminum tollere, ac deinde juxta præcepta jam 


tradita Radicum numerum ac ſigna inquirere; præſertim fi quantitates illæ y non 


multum 


6 


GY 1 7 — 1 p bz & habebuntur punCta, in quæ perpendiculares de Centro 


27 


( $1 ) 


ab invicem, Ex quatuor autem hiſce Radicibus Affirmativis, duæ ſemper 


ſunt minores quam I 3, duæ vero majoresz nempe fi DG, minor ſit quam 


AG, five XY b quam 55 bz + . Tres autem minores ſunt quam zquoties 
| . 4 
perpendicularis media, ſive ex media inventa, major eſt quam A G, five 


wy b, b, y major quam 3) -O Cx eadem media y : Quarta vero & maxi- 


majRadix major eſt quam maxima y + ” b; xquatur autem differentiæ ipſius 


& ſummæ cæterarum trium Radicum, ideoque minor eſt 5. Sed jam manum 
de Tabula; Fortaſſis illi qui naturam Parabolæ penitius perſpectam habent, 
majori compendio hæc omnia peragere valebunt; at ſi quantitates hæ omnes 
b.p.q&r, abſque reſolutione Cubic æquationis rite determinari poſſint, non 
ſine cauſa ambigitur; quæcunque enim æquationibus planis hac in re fiunt, 
non veros Limites, ſed Approximationes tantum exhibent. 


. Regulas binas compendioſas admodum pro Approximatione Radicis Cu- 

bicæ nuper protulit D. de Lagney, alteram rationalem, alteram irrationalem; nem- 

. © LS 1 Comms 

pe Cubiaaa+b _ eſſe inter @ + EA ac VS aa+ 1 * 

ee autem poteſtatis Quintæ 45 + 5 {ic exprimit = E 3 + 
Ts bo 


12 . 4 4, (non I à a, ut perperam legitur in libro Gal- 
V, #6 (000-64, ut perperam leg 


lico impreſſo). Demonſtrantur autem Regulæ prædictæ ex Geneſi Cubi & 


Poteſtatis quintæ. Poſito enim Latere Cubi cujuſque a + e, Cubus inde con- 


flatus fit aaa 3 aa e H Za ce eee; adeoque fi ſupponatur à à à nu- 

merus Cubus proxime minor dato quovis non Cubo, e e e minor erit Uni- 

tate, ac reſiduum ſive 5 eee. reliquis Cubi membris 3 ave +3 ace 

-+ eee: rejectoque eee ob parvitatem, þ = za ae + zac e. Cumque 
þ | F Sucks | 


The Ex tract ios 
of all Roots with 
out any previous 


Reduction; by 
A. Mr. Ed. Halley. 


N. 201. f. 136. 
May, An. 1694. 


a a e multo majus fit quam à e e, 34 4 non multum excedet ipſam e; poſi- 
oo · 3 1 | wt: 
* 6 ere cui proxime æquatur quantitas e, in- 
3 b b 8 
venietur - ꝛym̃ ſive - —: hoc eſt — De; adeo- 
T d ITT: 

146 T7 L40. T5 „ 

1 ; 3 5 
que latus Cubi à 44 -+ habebitur a+ 7 EF. x eſt ipſa for- 


mula rationalis D. de Lagney. Quod ſi a à a fuerit Numerus Cubus proxime 
. | 3 


major” 


( 82 ) Ld ; 
major dato, Latus Cubi a a 4 — b, pari ratiocinio invenietur 4 —325 * T 
atque bæc Radicis Cubicæ approximatio, ſatis expedita ac facilis, parum 
admodum fallit in defectu, cum ſcilicet e reſiduum Radicis hoc pacto 
inventum paulo minus juſto fir. Irrationalis vero formula etiam ex eodem 


. | 5 7 
fonte derivatur, viz. b = 3 aa e + 3aee, five — = ae ee; adeo- 


1 
ue * DS. 4. * + L 2 e 
9 * a a + Eg 65 atque 4 à 34 8 — 7 


— 


— a * 7 a — Atque hæc quidem formula aliquanto propius 


ad ſcopum collimat, in exceſſu peccans ſicut altera in defectu, ac ad praxim 


magis commoda videtur, cum reſtitutio Calculi nihil aliud fit quam continua 


additio vel ſubductio ipſius IF) ſecundum ac quantitas e innoteſcat; ita ut 


i ; £7 „ I: .< Ee : | 
potius ſcribendum fit / 44 + N T — 6 in priori caſu, ac in poſte- 
riori E 4's ; 


* 2 VUtraque autem formula Ciphræ jam 


cognitæ in Radice extrahenda ad minimum triplicantur, 4 8 quidem Arith- 


meticæ ſtudioſis omnibus gratum fore confido, atque ipſe Inventori abunde 
gratulor. Ut autem harum Regularum utilitas melius ſentiatur, Exemplum u- 
num vel alterum adjungere placuit. 


Exemp. I. Quæratur Latus Cubi dupli, five aaa + b= 2. Hica=r 


— 
34 


verum. Cubus autem ex x, 26 eſt 2, 000376, adeoque o, 63 + 
. o, 000376 
ee 3578 


15 279921049895 -; quod quidem tredecim figuris Latus Cubi dupli exhi- 
bet, nullo fere negotio, viz. una Diviſione & Lateris Quadrati extractione, 
ubi vulgari operandi modo quantum deſudaſſet Arithmeticus norunt experti. 
Hunc etiam calculum quouſque velis continuari licet, augendo quadratum ad- 


e 6e N . A , ; 3 3 
I. Quæ quidem correctio hoc in caſu non niſi unitatis in Radicis 


6gura decima-quarta augmentum affert. 


FFF 3 1 3 
atque — = * adeoque > * 70 five 1, 26 invenietur Latus prope 


——. 


ſive o, 63 + o, 396800j291005291 = 


dit ione 


end. 
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Hei . £ 
— TOE > $I N 8 
HOES IF,» ͤ SE IS 


entia multiplex me docuit. 


o ; ” h | 
. $ | „ ' — "= *— 
5a e, rejetto e“ ob parvitatem ſuam quo - circa * az 2 


1 „„ © 3 
Exemp. II. Quæratur Latus Cubi æqualis menſuræ Anglice Gallon dictæ, 

uncias ſolidas 231 continentis. Cubus proxime minor eſt 216 cujus Latus 

6 = a, ac reſiduum 15 ; adeoque pro prima approximatione provenit 


1 * | . | 
3+ y/ 9+ _ — Radici. Cumque / 5, 8333... lit 3, 1378 pa- 
ret c 1358 = @ + e. Supponatur jam 6, 2378 = e, & habobi: 
mus Cubum ejus 231, 000853894712, ac juxta regulam, 3, 0679 + 


( o, 000853894712 ; 5 
ieee —_— 5 * æquatur accuratiſſime Lateri Cubi dati, 
„ 


id quod intra horæ ſpatium calculo obtinui 6, 13779243958 975 in octodeci- 


ma figura juſtum, at deficiens in decima-nona. Hæc vero formula merito 


præferenda eſt rationali, ob ingentem diviſorem, non {ine magno labore tra- 
ctandum; cum Lateris Quadrati extractio multo facilius procedat, ut experi- 


Regula autem pro Radice Surſolidi puri, ſive Poteſtatis quintæ, paulo altioris 


indaginis eſt, atque etiam adhuc multo perfectius rem præſtat: datas enim in 
Radice ciphras ad minimum quintuplicat, neque etiam multi nec operoſi eſt 


calculi. Author autem nullibi inveniendi methodum ejuſve demonſtrationem 
concedit, etiamſi maxime deſiderari videatur; præſertim cum in Libro im- 
preſſo non recte ſe habeat; id quod imperitos facile illudere poſſit. Poteſtas au- 
tem quinta Lateris a + e conficitur ex his membris af + F af e + 10 a3 &* 


＋ IO TFA + & = a ＋ b, unde b =F ae A lo ase + 10 a es 


* 


2 & e + 2 4 C + , atque utrinque addendo _ a+ habebimus 
Ce © 2 


8 


2 OY _ __ 


7 


Tae ee. Dein utrinque ſubducendo — aa, — a + e æquabitur 
VV  —a+ ——— aa, cui ſi addatur — a, erit a Te =— @ + 

5 Ds 7 . 
EL 


OT | 
V / 4. ＋—— 424 = Radici poteſtatis a + Y. Quod ſi fu- 
+ , | 


y — 4948 + —=y 7 a Tae ＋ 2 a u ＋ 2 46 ＋ 6@ = 244 


— 


iſſet a — , (aſſumpta à juſto majore) regula ſic ſe haberet, 2 a ＋ 


FT h 
———ß5ö —— 
4 FS -S 
| 5 M 2 | Atque 


(84) 


Atque hac regula mirum in modum approximat, ut vix reſtitutione opus 
ſit; at dum hæc mecum penſitavi, incidi in formularum mathodum quandam 
generalem pro quavis poteſtate ſatis concinnam, quamque celare nequeo; cum 


etiam in ſuperioribus poteſtatibus datas radices figuras triplicare valeant. 
Hæ autem formulæ ita ſe habent tam rationales quam irrationales. 


2 | h 
aa TD VA +b, vel a + IAT 


rr i 4 


3 34 ＋ 

333 f C ah 
a. TH =74 1 3 v7 4 a* + T7 

Jum tt < oy | EL 75 b | ab 
* as = b = -4 + * is 4 @ | 10 25 vel a + 45 + 2 b 
— « N 3 el f BE 
We a + hb =54 + W OY 15 a*? TH a ＋ 6 a* —+ L b 

; 3 ag 1 ab 
TFT eee ga vat ir, 


Et ſic de cæteris etiam adhuc ſuperioribus. 8 fi aſſumeretur a radiee 
3 major, (quod cum fructu fit quoties Poteſtas reſolvenda multo propior 


it poteſtati Numeri integri proxime majoris quam proxime minoris) mutatis 
mutandis exdem radicum expreſſiones provenient. | 


a” 


A. 


| ab 
VC 
1 2 e | 1 
7 7 =D ei z, "4 a —=Tb 
F ff", _—— 115 W 3 vel a — — 4 
37's 9 = g y 3740 „ R 74 — 26 
3 * 1 
6 7 — 8 — — . owe Hf ke 
V EET =; + wes= Tre WO EST) 
x 3 I | "= } | 1 
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Atque inter hos duos terminos ſemper conſiſtit vera radix, aliquanto pro- 

pior irrationali quam rationaliz e vero juxta formulam irrationalem hs 

venta, ſemper peccat in exceſſu, ſicut in defectu a rationali formula * 
2. | . 
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* tans Quotus; adeoque fi fuerit + 5, Irrationalis majorem juſto exhibet Ra- 
* Adgicem, rationalis minorem z è contrario vero {1 fuerit — 6. Atque hæc de 
eliciendis Radicibus è Poteſtatibus puris dicta ſunto, quæ quidem ad uſus ordi- 
narios ſufficientes multo facilius habentur ope Logarithmorum : quoties vero 
ultra Tabularum Logarichmicarum vires accuratiſſime definienda eſt radix, ad 
hujuſmodi methodos neceſſario recurrendum eſt. Præterea cum ex harum 
formularum inventione ac contemplatione, Univerſalis Regula pro Aquatio- 
nibus Affectis (quam non fine fructu Geomctriæ ac Algebræ ſtudioſis omni- 
bus uſurpandam confido) mihi ipſi oblata ſit, volui ipſius inventi primordia 
qua poſſim claritate aperire. 5 1 . 
$ A.quationum quidem Affectarum Quadrato-quadratum non excedentium 4 8 Sect. 

Conſtructionem generalem concinnam admodum ac facilem, An. circiter 1687. 
jam tum inventam, publici juris feci: ex quo ingens cupido animum inceſſit, 

5 idem Numeris efficiendi. At brevi poſt D. Raphſon magna ex parte voto ſa- 
tiskeciſſe viſus eſt, uſque dum D. de Lagney etiam adhuc compendioſius rem 
2 peragi poſſe hoc ſuo libello mihi ſuggeſſit. Methodus autem noſtra hæc eſt. 
3 Supponatur Radix cujuſvis æquationis z compoſita ex partibus a + vel 
— e, quarum à ex hypotheſi aſſumatur ipſi z quantum fieri poſſit propin- 
qu (quod tunen commodum eſt, non neceſſarium) & ex quantitate a + 


4 vel —e formentur. Poteſtates omnes ipſius z in /Equatione invent, iifque 
2 affigantur Numeri Coefficientes reſpective: deinde Poteſtas Reſolvenda ſub- 
I ducarur è ſumma partium datarum in prima columna, ubi e non reperitur, 
> quam Homogeneum Comparationis vocant, ſitque differentia +5. Dein ha- 
: beatur ſumma omnium Coefficientium ipſius lateris e in ſecunda Columna, quæ 
1 t denique in tertia addantur omnes coefficientes quadrati e e, quarum ſum- 


mam vocemus r; ac Radix quæſita 3, formula rationali habebitur = a vel 
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exemplis illuitrare fortaſſe operæ prætium erit. Inſtrumenti vero loco adfit 
Tabella, Poteſtatum omnium iptus 4 + vel — e Geneſin exhibens, quæ ſi 
opus fuerit continuari facile poſſit A ſeptima vero incipiam cum pauca Pro- 
blemata eo uſque aſſurgere deprehendantur. Hanc Tabellam jure optimo 
Speculum Analyticum Generale appellare licet. Poteſtates autem prædictæ ex 
continua multiplicatione per a + e= Z orte, ſic proveniunt, cum ſuis co- 
efficientibus adjunctis. | | 
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HS ? 7 wW 
Iz . la + 71 a%e + 21 lace + 351440 + zo las 
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k 25 = fab + 6k ae + 15 katee + 20 fa + If ki et 
hy = ha + Ye + lo hae + 19 hae + F ae. 
g . g ＋ 4g e + Cgwee + 4g 46 + ge 
Ff. ir ˖ 0 .] e ˙=mm- ß; 
d * . dal ＋ Z dae + Tees J 03 
e Xx =c£ca + ce + 

x y 


+ 2114 & + 7la es + Je. 
+ 6kae + k es 
. 1 


| Quod ſi fuerit a — e =2, ex iiſdem membris conficitur Tabella, negatis 
ſolummodo imparibus Poteſtatibus ipſius e, ut ee, e, e“: & affirmatis pari- 
bus e, e4, ee. Sitque ſumma Coefficientium lateris e = 5: Summa Coeffici- 
entium Quadrati ee=z; Cubi eee =#; Biquadrati ef =w; Surſolidi e* = x 
Summa vero Coefficientium Cubo-cubi e* =y; &c. Cum autem ſupponatur e 
exigua tantum pars Radicis inquirendæ, omnes poteſtates ipſius e multo mi- 
nores evadunt ſimilibus ipſius a Poteſtatibus; adeoque pro prima hypotheſi 
rejiciantur ſuperiores (ut in poteſtatibus puris oſtenſum eſt) ac formata æqua- 
tione nova, ſubſtituendo a +e 2, habebimus ut diximus +bþ = Ne >& zee. 
Cujus rei cape exempla ſequentia, quo melius intelligatur. 


Exemp. I. Proponatur æquatio 2. 3 2 z + 75 z = 10000. Pro prima 
hypotheſi ponatur a= 10, ac conſequenter prodibit æquatio. 


2 r, +44 + 6a ee + 4 wen 64 
— 4 =—da + dae — dee 
Tegz . + ca ce 8 5 
= ＋ looo + 40 e + booee + 40 + e 
— 300+ s — zee — . 
R . 
— 10000 | . . 
+ 47 + 401 e ＋ ß %%õũdß 40 e ＋ & = © 


Signis + ac — (reſpectu e & e) in dubio reliftis, uſque dum ſciatur 
an e fit Negativa vel Affirmativa; quod quidem aliquam pariet difficul- 
tatem, cum in æquationibus plures radices admittentibus, ſæpe augeantur 

Homogenea Comparationis, ut appellant, a minuta quantitate , ac è contra 
ea aucta minuantur. Determinatur autem ſignum ipſius e ex ſigno quantita- 
tis Y; ſublata enim Reſolvenda ex Homogeneo ab a 8 ſignum ipſius ge, 
ac proinde partium in ejus compoſitione prævalentium, ſemper contrarium erit 
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ſigno differentiz . Unde patebit an fuerit — e vel J- e, ſive an a ma- 
jor vel minor radice vera aſſumpta. Ipſa autem e ſemper æquatur 
Lg — N —bt 


„ quoties þ ac t codem ſigno notantur; quoties vero di- 
| | Leg T bt — 21S 
verſo ſigno connectuntur, eadem e fit 14 eee . Poſtquam ve- 


=) 
ro compertum fit fore —e, in Affirmatis æquationis membris negentur, e, es, 


e &c. in negatis affirmentur; ſcribantur icil. ſigno contrario ſi vero fuerit 


+ e, affirmentur in affirmatis, negentur in negatis. Habemus autem in hoc 
noſtro exemplo 10450 loco Reſolvendæ 10000, five % = + 450, unde con- 
{tat a majorem juſto aſſumptam, ac proinde haberi — e: Hinc æquatio fit 
10450 — 4015 e + F97 ee = 46 + et = Io000. Hoc eſt 470 — 4015 e 
-|- F97 ee =o. Adeoque 450 = 4015 e — po ee five e fee 
15 —y 5s —bt | I 1 

| T = 777 =» id eſt, 
5 1— y/ 37614067 ES 
in præſenti caſu, 2 —= amet th LS], + cM unde provenit radix quzeſita 
prope verum 9, 886. Hoc vero pro ſecunda Hypotheſi ſubſtituro, emer- 
git a Te = 2 accuratiſſime 9, 886260393649 . in ultima figura vix 


Lig 85 l 
binario juſtum ſuperans; nempe cum Vs | — . 


cujus Radix e fit 


== e...- Ate hoc 


ny | EY R 5 146 +> 
etiam, ſi opus fuerit, multo ulterius verificari poſſit, ſubducendo = — 


3 


VI +1 


ſi fuerit + e, vel addendo „ radici prius inventæ, ſi fit — e. 


| 4551 
Cujus e eg eo pluris x{timandum quod quandoque, ex ſola prima ſup- 
poſitione, ſemper vero ex ſecunda, iiſdem conſervatis coefficientibus, quouſque 
velis calculum continuare poiſis. Cæterum æquatio prædicta etiam negativam 


habet radicem, viz. & = 10, 26... . quam cullibet accuratius expiſcart 
licet. | 


__y 6679 —7 


I 
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 Exemp. II. Sit 23 — 17 22 + 64 2 = 3570; ac ponatur 4 = 10. Ex 
præſcripto Regulæ, | 


222 = aaa + 3aae + zaee -þ eee 
— dzz = daa — 2dae — dee | 
 (2Z= ear ce 
b 3 1 
Id eſt, + 1000 + zoo e + zo ee + eee 
— 1700 — 340e — I7ee 
- 19 7 54 * 
. _ | 


Sive — 10 + 14 e + 13ee + eee = 0. 


Cum autem habeatur — 510, conſtat 4 minoremf} uſto aſſumi, ac proinde 
/ bt + $55 —2 5 _ 
7 


e affirmativam eſſe, ac ex 10 = 14 + 13 ee fit 


> „unde 2 fit 15, . . quæ nimia quidem eft ob. late ſum- 


ptam a; ideo ſupponatur ſecundo à = 1x, ac pari rotiocinio habebimus e = 
EEE ˙ A 109 += L07TOS.: 

7 OSS: 
Quod ſi calculum adhuc tertio reſtaurare velis, uſque in vigeſimam quintam 


z ac proinde 2 = 14, 94068. 


figuram, vero conformem invenies radicem : Paucioribus vero contentus, ſcri- 


bendo tb + zeee loco th, vel ſubtrahendo aut addendo radici prius inventæ 
eee | 


—— ad ſcopum ſtatim pervenies. Æquatio vero propoſita nulla 


alia radice explicari poteſt, quia Poteſtas Reſolvenda 3 50 major eſt Cubo ex 
17 a 2 | 
— vel — 4. 


3 5 


Exemp. III. Sit Aquario illa quam in Reſolutione difficillimi Problematis | 
Arithmetici adhibet Clariſſimus Walliſius, Cap. LXII. Algebre ſuæ, quo radi- 


cem Vietæ Methodo accuratiſſime quidem aſſecutus eſt. Eandemque exem- 
plum Methodi ſuæ affert laudatus D. Raphſon, pag. 27, 26. nempe 24 
— 80 2* + 1998 2 — 14937 2* + hoo =o. Hæc autem æquatio 


ejus formulz eſt, ut plures habeat radices Affirmativas, ac quod difficultatem 


ejus augeat, prægrandes ſunt Cocfficientes reſpectu Reſolvendæ datæ: Quo 
melius autem tractetur, dividatur, ac juxta notas punctationum regulas po. 


natur — 2 +828 — 20 * ＋ 5 2 = o, 5 (ubi 2 eſt — 2 in æquatione 


propoſita 
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correcta e - = o, 43 105602423, ac 


689) 
propoſita) ac pro prima Hypotheſi habeamus 4 = 1. Proinde ＋ 2 — fe 
— zee 463 e Og 7 = . 


1 T 1 | $4" 8 
Hoc eſt 14 = Fe zee; hinc * ö f LL 


adeoque 2 = 1, 27: unde conitat 12, 7 radicem eſſe æquationis propoſitæ 
vero vicinam. Secundo loco ſupponatur z = 12, 7, ac juxta præſeriptum 
Tabellz Poteſtatum, oritur 


b FT 5 * . . 
— 26014, 4641 — $193, 131 — 967 „ 7400 — fo, 8e - 
+ 163870, 650. + 38709,/ 60. e -+ 3048, ..ee + 80, . e 
— 322277, 42... 5/749 2... e — 1998, ee 
— 


189699, 9. + 14937 . e . 
Jo «ce - | | | 
+ 298, 6559 — 5296, 132e + 82, 26 ce + 29, Te o 


Adeoque — 298, 6579 =— $296, 132 e J 82, 26 ee, cujus radix e juxta 


| JJV 8 — 
regulam 3 5 . 2648, 066 — „ 6987686, 106022 


t — 128 15 
6i »! a ls 3 1 * — 04 
o, 644080331... e minort vero: ut autem corrigatur, = - 


2643, 423 CL : 5 90991173 Proinde e correcta — 
o, 5644179448. Quod {fi adhuc plures radicis figuras deſideras, formetur exe 
25 — $55 —bt —tue+7o 
VA 7 | | 


Goo 26482 066 — 76987685. 67406f07Tf77--. _ 
84. 26 - Fas 


o, 05644179448074402 = e, unde 4 -+ e ='z radix accuratiſlima fit 


12, 75644179448074402 ..... qualem invenit Cl. Walliſius in loco citato. 


Ubi obſervandum, redintegrationem calculi ſemper triplicare notas veras in aſ- 


1 - T 
T4060 — 1 e 


ſumpta a, quas prima correctio ſive 


3 


T quintuplices reddit, quæque 
4 | | 


etiam commode per Logarithmos efficitur. Altera autem correct io poſt pri- 


mam, etiam duplum Ciphrarum numerum adjungit, ut omnino aſſumptas 
ſeptuplicet; prima tamen plerumque uſibus Arithmetices abunde ſufficit. 
Quæ vero dicta ſunt de numero Ciphrarum in radice recte aſſumptarum, ita 
intelligi velim, ut cum 4 non niſi decima parte diſtet a vera radice, prima fi- 
gura recte aſſumatur; ſi intra centeſimam partem, duæ primæ; ſi intra mille- 
ſimam, tres priores, rite ſe habeant; quæ deinde juxta noſtram regulam tra- 
ctatæ ſtatim novem evadunt. . 3 


Vol. I. 5 | N gt Reſtat 
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Reſtat jam ut nonnulla adjiciam de noſtra formula rationali, viz. e 


* 


77Yr B duæ quidem ſatis expedita videbitur, nec multum cedet priori, cum 


5 a 3 5 

etiam datas ciphras triplicare valeat. Formata autem æquatione ex a F e =2, 
ut prius, ſtatim patebit an a aſſumpta fit major vel minor vero, cum ſcil. s e 
ſigno ſemper notari debcat contrario ſigno differentiæ Reſolvendæ ac Homo- 
genii {ui ex a producti. Deinde poſito quod + b t vel —tee So, 
Diviſor fit 55 th, quoties h ac t iiſdem ſignis notantur; idem vero fit S's + b z, 
ſi ſigna diverſa ſint. Praxi autem magis accommodata, videtur, fi ſcribere- 

8 ä 1 
tur Theorema, e + 7 þ , nempe cum una multiplicatione ac duabus di- 
1 * 
2 

viſionibus res peragatur, quæ tres multiplicationes ac unam diviſionem alias 
requireret. Hujus etiam Methodi Exemplum capiamus à prædictæ Equa- 


tionis radice, 12, 7. . . : ubi 298, 6559 — 5296, 132 e + 82, 26 ee 
a | + 3 | | 


— OF 
b 


+ 29, 26 - =o, adeoque 


＋ 4 : 


— = F296, 132) 298, 655 in 82, 26 (4, 63877 ...; quocirca di- 


viſor fit, , = 2 = 7291, 40325 . . .) 298, 6559 (o, 056441 . . . e, 


A Method of 
Raiſing an Infi- 
mie Multinomi- 
al to any given 
Power; by M. 
de Moivre. 
N. 2 30. p. 619. 
Jul. An. 1697. 


viz. quinque figuris veris adjectis radici aſſumptæ. Corrigi autem nequit hæc 
formula ſicut præcedens irrationalis; adeoque ſi plures deſiderentur radicis fi- 


guræ, præſtat aſſumpta nova Hypotheſi calculum de integro repetere: ac no- 


vus Quotus triplicando figuras in radice cognitas ſupputatori etiam maxime 
ſcrupuloſo abunde ſatisfaciet. 
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„5 1 F 
J ſuppoſe that the Infinite Number Multinomial is a 2 + b zz + c23 + 1 
dq 2 bez, Oc. m is the Index of the Power, to which this Multinomial 
ought to be raiſed; or, if you will, 'tis the Index of the Root which is to 
be extracted: I ſay, That this Power or Root of the Multinomial is ſuch a 
Series as I have expreſſed. | — „„ 
For the underſtanding of it, it is only neceſſary to conſider all the Terms | 
by which the ſame Power of 2 is multiplied; in order thereto, I diſtinguiſh | 
two things in each of theſe Terms; 1. The Product of certain Powers of 
the Quantities, a, h, c, d, Fc. 2* The Unciæ (as Oughtred calls em) pre- 
fix d to theſe Products. To find all the Products belonging to the ſame Power 
of 2, to that Product, for Inſtance, whoſe Index is 2 + r ( where r may 
denote any Integer Number) I divide theſe Products into ſeveral Claſſes; 
thoſe which immediately after ſome certain Power of a (by which all theſe 
Products begin) have h, I call Products of the firſt Claflis; for Example, 
am ; e is the Product of the firſt Claſſis, becauſe b immediately follows 
am 4; thoſe which immediately after ſome Power of à have c, I call Pro- 
ducts of the ſecond Claſſis, ſo am d, is a Product of the ſecond Claſ- 
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the firſt Claſſis; 39. I 117 5 by d, and divide by a, all the Products ng 


the Letter, whoſe Exponent is r + 1. 


(98) 


Gs; thoſe which immediately after ſome Power of à have 4, I call Products 
of the third Claſſis; and ſo of the reſt. 


This being done, I multiply all the Products belonging to zmt"—: (which 
precedes immediately z t by , and divide em all by 4; 29. I multiply by 
c, and divide by a, all the Products belonging to z +2, except thoſe of 


ing to 2+", except thoſe of the firſt and ſecond Claſſis: . I multiply 
by e and divide by a, all the Terms belonging to Zt. , except thole of 
the firſt, ſecond, and third Claſſis, and ſo on, till I meet twice with the 
ſame Term. Laſtly, I add to, all theſe Terms the Product of am into 


Here I muſt take notice, that by the Exponent of a Letter, I rhean the 
Number which expreſſes what Place the Letter has in the Alphabet: So 3 is 


the Exponent of the Letter c, becauſe the Letter c is the zd in the Alphabet. 


It is evident by this Rule, you may eaſily find all the Products belonging 


to the ſeveral Powers of E, if you have but the Product belonging to 2m, 


VIZ. Am . | 


To find the Unciæ which ought to be prefix'd to every Product, conſi- 


der the Sum of Units contain'd in the Indices of the Letters which compoſe 


it (the Index of à excepted) I write as many Terms of the Series e- 


„n — 2 „m 3, &C. as there are Units in the Sum of theſe Indices; this 
Series is to be the Numerator of a Fraction whoſe Denominator in the Product 
of the ſeveral Series 1 * 2 * 3X4, Cc. Id 2X3ZX4Xf, Cc. IX 2X XA, 


Cc. the firſt of which contains as many Terms as there are Units in the In- 


dex of h, the ſecond as many as there are Units in the Index of c, the third 
as many as there are Units in the Index of 4, the fourth as many as there are 


Units in the Index of e, &c. 


Demonſtration.) To raiſe the Series az + bz2 + c 25+ d 24, &c. to 


any Power whatſoever, write ſo many Series equal to it, as there are Units in 


the Index of the Power demanded. Now it is evident that when theſe Series 


are allo multiplied, there are ſeveral Products in which there is the fame 


Power of z; thus if the Series az +b22 + c2* + 421, Ec. is raiſed to its 
Cube, you have the Products 45 25, abcz, aadzs*, in which you find the 


ſame Power 26. Therefore let us conſider what is the Condition that can 
make ſome Products to contain the fame Power of z; the firſt thing that will 
appear in relation to it, is, that in any Product whatſocver, the Index of ⁊ is 


the Sum of the particular Indices of z in the multiplying Terms (this follows 
from the Nature of the Indices): thus 4* 2 is the Product of b 22, b zz, 
b 2, and the Sum of the Indices in the multiplying Terms, is 2 + 2 +2 
=6; abc 2 is the Product of à z, bzz, c, and the Sum of the Indi- 
ces of z in the multiplying Terms is i +2 +3 =6; aadzs* is the Pro- 


duct of a 2, a æ, d 24, and the Sum of the Indices of z in the multiplying 


Terms is 1 +1 +4 = 6. The next thing that appears, is, that the In- 
dex of 2 in the multiplying Terms is the ſame with the Exponent of the Let- 
a | = ter 


I 


1 ; 
ter to which z is joined: From which two Conſiderations it follows, that, to 
have all the Products belonging to a certain Power of z, you muſt find all 
the Products where the Sum of the Exponents of the Letters which compoſe 
them, ſhall always be the ſame with the Index of that Power. Now this is 
the Method I uſe, to find eaſily all the Products belonging to the ſame Power 


of z, let m+r be the Index of that Power, I conſider that the Sum of 


the Exponents of the Letters which compoſe the Products, muſt exceed b 
I, thoſe which belong to /me : Now becauſe the Exceſs of the Ex- 
ponent of the Letter h, above the Exponent of the Letter a, is 1, it follows, 
that if each of the Products belonging to zt is multiplied by 5, and 
divided by a, you will have Products, the Sum of whoſe Exponemts will be 
me; likewiſe the Sum of the Exponent of the Letters which compoſe 
the Products belonging to z®+* exceeds by 2 the Sum of the Exponents 
of the Letters which compoſe the Products belonging to z +" *: Now be- 
cauſe the Exponent of the Letter # is leſs by 2 than the Exponent of the Let- 
ter c, it follows, that if each Product belonging to zt is multiplied 
by c, and divided by a, you will have other Products, the Sum of whoſe 
Exponents is ſtill 2: Now if all the Products belonging to z tt 
were multiplied by c and divided by a, you would have ſome Products that 


would be the ſame as ſome of them found before; therefore you muſt except 


out of 'em thoſe that I have called Products of the firſt Claſſis. What I have 
ſaid ſhews why all the Products belonging to z t , except thoſe of the 
firſt and ſecond Claſſis, muſt be multiplied by 4, and divided by a. Laftly, 


you ſee the Reaſon why to all theſe Products is added the Product of 


am by the Letter whoſe Exponents is r + 1; *Tis becauſe the Sum of 
the Exponent is ſtill 2 +r. | | 5 

As for what relates to the Unciæ; obſerve, that when you multiply az +, 
bzz TSA, &c. by az +bzz +2 ＋ d 28, &c. each Letter, 
a,b,c,d, &c. of the ſecond Series, is multiplied by each of the Letters a, h, c, d, 
&c. of the firſt Series. Thus the Letter a of the ſecond Series is multiplied 
by the Letter h of the firſt Series, and the Letter b of the ſecond Series is 


multiplied by the Letter à of the firſt; therefore you may have the two Planes, 


ab, ab, or 24; for the ſame Reaſon you have zac, 2 ad, &c. Therefore 
you mult prefix to each Plane of thoſe that compoſe the Square of the Infinite 
Series 4 2 +b2 +c2*, &c. the Number which expreſſes how many Ways 
the Letters of each Plane may be changed; likewiſe if you multiply the Pro- 
duct of the two preceding Series by az +b 22 +c23, &c. each Letter, a, b,c, d, 

of rhe third Series, is multiplied by each of the Planes form'd by the Product of 
the firſt and ſecond Series: Thus the Letter a is multiplied by the Planes hc and 
cb; the Letter h is multiplied by ac and ca; the Letter c is multiplied by ab and 
ba; therefore you have the ſix Solids, 4bc,acb,bac,bca,cab, cba, orfixabc: 
Therefore you muſt prefix to each Solid whereof the Cube of the Infinite Series 


is compos'd, the Number which expreſſes how many Ways the Letters of each 


Solid may be changed; and, generally, you muſt prefix to any Product, whereof 
any Power of the Infinite Series a z+b 2 2+c 23, &c. is compos'd, the Num- 
ber which expreſſes how many waysthe Letters ot cach Product may be changed. 
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Now to find how many Ways the Letters of any Product, for inſtance, 
am—nhþ" ,* dt, may be changed; this is the Rule which is commonly given: 
Write as many Terms of the Series 1 * 2 X 3 4 * 5, Cc. as there are 
Units in the Sum of the Indices, viz. m — 1 +1 +p+r; let this Se- 
ries be the Numerator of a Fraction, whoſe Denominator ſhall be the 
Fracuct or the Ser, 1 X42 XxX , . 4 x.5, Oc: 
IX2X3X4XFX6,@&c. 1X2 Xx 3xX4xF5,09. whereof the firſt is to con- 
rain as many Terms as there are Units in the firſt Index #2 ; the ſecond 
as many as there are Units in the ſecond Index Y; the third as many as there 
are Units in the third Index p; the fourth as many as there are Units in the 
fourth Index r. But the Numerator and Denominator of this Fraction have 


a common Diviſor, viz. the Series of 1X 2X 3 X 4 x 5, Cc. continued to ſo 


many Terms as there are Units in the firſt Index zz — ; therefore let 
both this Numerator and Denominator be divided by this common Divi- 
for, then this new Numerator will begin with #2 — , whereas the 
other began with 1, and will contain ſo many Terms as there are Units in 
h + p +r, that is, fo many as there are Units in the Sum of all the Indices 
excepting the firſt: As for the new Denominator, it will be the Product of 
three Series only; that is, of ſo many as there are Indices, excepting the firſt. - 
But if it happens withal, that 2 be equal to þh r, as it always hap- 
pu in our Theorem, then the. Numeratoxybeginning by - + 1, and 

eing continued to ſo many Terms as there are Units in þ +p + 7 or n, 
the laſt Term will be #2 neceſſarily : ſo if you invert the Series, and make 


that the firſt Term which was the laſt, the Numerator will be * x mz — 1 


Xm—2X m—3, &. continued to ſo many Terms as there are Units in the 
Sum of the Indices of each Product, excepting the firſt Index. And what- 
ever is here ſaid of Powers whole Index is an Integer, may be adapted to 


Roots or Powers whoſe: Index is a Fraction. 


1 XXII. Theorem. | If az +6 22 +23 +1 24 + 2 +f 26, Sc. = g) The Sabi 


of a Root of an 


Thy) i + ky +155 + my, Cc. then will z be = = 1 is aw. 
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—6cABC—3:AAD—6dAABB—4dAC—yeAiB—fA® 1 Kc. 


For the underſtanding of this Series, and in order to continue it as far as 


Ve pleaſe, it is to be obſerved, 1. That every Capital Letter is equal to the 


Coefficient of each preceding Term; thus the Letter B is equal to the Coeffi- 
85 | cient 


ry 


e 66 
i 5 — 3 AA 


cient . That the Denominator of each Coefficient is always a. 


3. That the firſt Member of each Numerator is always a Coefficient of the 
Series gy +hyy +19, &c. viz. the firſt Numerator begins with the firſt 7 
Coefficient g, the ſecond Numerator with the ſecond Coefficient , and ſo 3 
on. 4. That in every Member after the firſt, the Sum of the Expo- 
nents of the Capital Letters is always equal to the Index of the Power 
to which this Member belongs: Thus, confidering the Coefficient 
k—bBB—2bAC—3c AAB —4dA 
> a 
we ſhall ſee that in every Member b B B, 2 6 A C, 3c A AB, 4 As, the 
Sum of the. Exponents of the Capital Letters is 4, (where I mult take 
notice, that by the Exponent of a Letter, I mean the Number which ex- 
preſſes what place it has in the Alphabet; thus 4. is the Exponent of the Let- 
ter D) hence I derive this Rule for finding the Capital Letters of all the 
Members that belong to any Power; Combine the Capital Letters as often as 
you can make the Sum of their Exponents equal to the Index of the Power 
to which they belong. 7. That the Exponents of the ſmall Letters, which 
are written before the Capitals, expreſs how many Capitals there are in each 
Member. 6. That the Numerical Figures or Unciæ that occur in theſe 
Members, expreſs the Number of Permutations which the Capital Letters of 
every Member are capable of. ”— 
For the Demonſtration of this, Suppole x = Ay +Byy + Cy + Dy, 
c. Subſtitute this Series in the room of z, and the Powers of this Series 
in the room of the Powers z, there will ariſe a new Series: 'Then take the 
Coefficients which belong to the ſeveral Powers of y in this new Series, and 3 
make them equal to the correſponding Coefficients of the Series gy +hyy © 
＋ 19%, &c. and the Coefficients A, B, C, D, Cc. will be found ſuch as I have A 
determined them. 5 1 3 
But if any one deſires to be ſatisfied, that the Law by which the Coeffici- 
ents are form'd will always hold, I'll deſire em to have recourſe to the 
Set. XXI, Theorem J have given for Raiſing an Infinite Series to any Power, or extractin 
5 any Root of the ſame; for if they make uſe of it, for taking ſucceſſively the 
wo of Ay + Byy + Cy, &c. they will ſee that it mult of neceſſity be 
ſo. I might have made the Theorem I give here much more general than it 
is; for I might have ſuppos'd, a m Rn eZ + c2mt?, Sc. =gym 
+ hymtri+iym+t2, Se. then all the Powers of the Series A ＋ B 
+ C 3, Cc. deſigned by the univerſal Indices, muſt have been taken ſuc- 
ceſhvely ; but thoſe who will pleaſe to try this, may eaſily do it, by means 
of the Theorem for raiſing an Infinite Series to any Power, 6&7. 

This Theorem may be applied to what is called the Reverſion of Series; 
ſuch as finding the Number from its Logarithm given; the Sign from the 
Arch; the Ordinate of an Ellipſe from an Area given to be cut from any Point 
in the Axis: But to make a particular Application of it, I'll ſuppoſe we have 
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, which belongs to the Power 4, 
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this Problem to ſolve; viz. The Chord of an Arc Being given, to find the Chord 
of another Arc, that ſhall be to the firſt as n to 1. Let) be the Chord 
given, 2 the Chord required; now the Arc belonging to the Chord y is 


»+ =: 2 + . &c. And the Arc belonging tothe Chord = 


404% 11245 


2 . . 
* * * 777 — SEM &c. The firſt of theſe Arcs is to the ſecond 


404+ ' 11249 

"T2138" 888 e „„ 
Compare theſe two Series with the two Series of the Theorem, and you 

I 


wil ind n ce gig de- Tce eg 


; = 2 =0;1 - wilt be 244 #1. 
j = pp o, ache, in os dce. Hence æ will be =1y +735 


"We. or u 4 A, Sc. ſuppoſing A to denote the whole prece- 


ding Term; which will be the ſame Series as Mr, Newton has firſt found. 


By the ſame Method this general Problem may be ſolved : The Abſciſs cor- 
reſponding to a certain Area in any Curve being given, to find the Abſciſs whoſe 
correſponding Area ſhall be to the firſt in a given Ratio. | _ 


The Logarithmic Series might alſo be found without borrowing any other 
Idea, than that Logarithms are the Indices of Powers: Let the Number, 


vhoſe Logarithm we enquire, be 1 ＋ 2; ſuppole its Log. to be az +bzz + 


c23, &c. Let there be another Number 1 -+ y; therefore its Logarithm 


will be ay +byy+cp7, &c. Now if 1 +z =IF1, it follows that 


az+Fbzz+c2?, &c. :ay +byy+c)*, &c. ::n:1; that is, a 2 +bzz 
ca, XC. =nay+nbyy+ncy, &c. therefore we may find a Value of 2 


expreſs'd by the Powers of ). Again, ſince 1 +z = 1+ 1, therefore 2 


P | EE —\} Hoy — 
ii chat is, 2 Sn ED FE h, &c. 


* 
Therefore z is doubly expreſs'd by the Powers of y. Compare theſe two 
Values together, and the Coefficients a, , c, &c. will be determin'd, except 
the firſt, a, which may be taken at pleaſure, and gives accordingly all the dit- 
ferent Species of Logarithms. 0 RE III 


1 . XXIII. De 


(098) 


notrine of Ex» XXIII. De Differentiis Infiniteſſimarum - infiniteſſimis explicandis, non eſt 


N ut is porro ſolicitus. Nam, ut tu mihi facilis concedis, quod nihili quodvis 


n. 255. f. 281. multiplum fir adhuc nihil; eadem ego facilitate tibi permitto, ut Differentias 
Infiniteſſimas in Infiniteſſimas ductas tu merito negligas, poteſtque id tuto 
fieri, modo caute; Quippe, in quovis genere Quantitatum, quæ differunt 
dato minus, reputanda ſunt Æqualia. Quo nititur Exhauſtionum Doctrina 
tota, Veteribus pariter & Recentioribus neceſſaria. f PTV Et 


The ge. XXIV. It is agreed by all, that if a Number propoſed be not a true 
tion of the An- 
cients in the Ex- 


z-afting f by rational Numbers, Integers or Fracted. And therefore in ſuch Caſes we 


f N content ourſelves with Approximations (ſomewhat near the Truth) 
Di. 0 | | | 


u. 215. 5. 2. without pretending to Accuracy. 


And ſo, for the Cubick Root of what is not a perfect Cube. And the 


like for ſuperior Powers. fn 3 3 | 
Now the Ancients (being aware of this) had their Methods of Approxi- 
mation, which tho” ſcarce apply'd by them beyond the Quadratick, or per- 
haps the Cubick Root, yet are equally practicable (by due Adjuſtments) to 
the ſuperior Powers alſo. Sh 


I ſhall begin with the Square Root: For which the ancient Method is to 
this Purpoſe. . | „„ 


From the propoſed Non - quadrate (ſuppoſe N) ſubtract (in the uſual man- 


ner) the greateſt Square in Integers therein contained (ſuppoſe Ag.) The 
Remainder (ſuppoſe B 2 AE NT E) is to the Numerator of a Fraction, 
for deſigning the near Value of E (the remaining Part of the Root ſought 


Root of the ſubtracted Square) or 2 A-j-1 (that double Root increaſed by 
1) the true Value falling between theſe two; ſometime the one, ſometime 


the other, being neareſt to the true Value. But (for avoiding of Negative 


Numbers) the latter is commonly directed. 
This Method Monſieur De 1 
old. And it is ſo; for I find it in Lucas Pacciolus (otherwiſe called Lucas de 


> Burgo, or de Burgo Sancti Sepulchri) printed at Venice in the Vear 1494, (if not 
even ſooner than ſo, for J find there have been ſeveral Editions of it.) And 


how much older than ſo,” I cannot tell: For he doth not deliver it as anew 
Invention of his own, but as a received Practice, and derived from the Moors 


or Arabs, from whom they had their Algoriſim, or Practice of Arithmetick 


by the 10 numeral Figures now in Uſe. | 
And it is continued down hitherto in Books of practical Arithmetick in 
all Languages, which teach the Extraction of the Square Root, and (there- 
in) this Method of Approximation, in caſe of a Non-quadrate. 

The true Ground of the Rule is this: A/ being (by Conſtruction) the 
greateſt Integer Square contained in N, 'tis evident that E muſt be leſs than 
1; (otherwiſe not Ag, but the Square of A 1, or ſome greater than fo, 
would be the greateſt Integer Square contain'd in N.) Now if the Remain- 


0 der B=2 A E-+E9 be divided by 2 A, the Reſult will be too great for E, 


(the 


Square, it is in vain to hope for a juſt Quadratick Root thereof, i explicablc 


'A+E=/N) whoſe Denominator or Diviſor is to be 2 A (the e 


agny affirms to be more than 200 Years 


by 


. 
(the Diviſor being too little; for it ſhould be 2 A +E, to make the 8 
E.) Bur if (to rectify this) we diminiſh the Quotient by increaſing the Di- 
viſor, adding 1 to it, it then becomes too little; becauſe the Diviſor is now too 
big. For (E being leſsthan 1) zA-+ 1 is more than 2 A-+E ; and therefore too bi g. 
As for Inſtance: If the Non-quadrate propoſed be N, the greateſt In- 
teger Square therein contained is A = (the Square of A:) which be- 
ing ſubtracted, leaves N — AT Y- AI BO AE TEN. Which 
divided by 2 A= gives 2; but divided by 2 A+1=4+1 =y, gives x. 
That too great, and this too little, for E. And therefore the true Root 
(A E= VN) is leſs than 27 = 2. 25, but greater than 27=2.2: And 
1 this was anciently thought an Approach near enough. 
: If this Approach be not now thought near enough, the ſame Proceſs may 
be again repeated; and that as oft as is thought neceſſary. os . 
I Take now for A, 25 =2. 2, whoſe Square is 4. 84= A 4, (now conſider- 
c as an Integer in the ſecond place of Decimal: Parts.) This ſubtracted 
from 5. oo, (or, which is the ſame, o. 84, the Exceſs of this Square above 
the former, from 1, which was then the Remainder) leaves a new Remainder 


B=o. 16: which divided by 2 A = 4.4, gives . 03636 +, 


. 8 
too much. But divided by 2A +1 4. 5, it gives 7780 == * 
0.03555 ＋, too little. The true Value (between theſe two) being 2.236 
proxime, Whole Square is 4. 999696. Ss 
If this be not thought near enough, ſubtract the Square from F. 000000 : 
the Remainder B =o. 000304, divided by 2 A=4.472, or by 2 A+1= 
4. 473, gives (either was) 0.000068 —; which added to A = 2. 236, 
makes 2. 236068 —, ſomewhat too big; but 2.236067 + would be much . 
more too little. 3 . 
Which gives us the Square Root of 5, adjuſted to the ſixth place of De- 
cimal Parts, at three Steps. And by the ſame Method, if it be thought need- 
ful, we may proceed further. | Fs „„ 
For the Cubic Root the Rule is this: 1 
= From the Non-Cubic propoſed, (ſuppoſe N) ſubtract the greateſt Cube 
in Integers therein contained, (ſuppoſe A c:) the Remainder (ſuppoſe B = 
1 3A E ; AER N Ec,) is to be the Numerator of a Fraction for deſigning 
the Value of E, (the remaining Part of the Root ſought A ESV N.) 
3 To this Numerator, if (for the Denominator or Diviſor ) we ſubjoin 3 A 4, 
*Y the Reſult will certainly be too great for E, becauſe the Diviſor is too little: 
For it, ſhould bez3A9+3AE+Eg, to give the true Value of E.) If 
for the Diviſor we take 3 Aq+3A+r, it will certainly be too little, be- 
cauſe the Diviſor is too great. (For E by Conſtruction is leſs than 1.) It 7 8 
muſt therefore (between theſe Limits) be more than this latter. And there- 
fore this latter Reſult being added to A, will give a Root whoſe Cube may 
be ſubtracted from the Non- Cubic propos'd, in order to another Step. | 
But if, for the Diviſor, we take 3 A4 + 3 A, (or even leſs than ſo) the Re- 
ſult may be too great; or (in caſe B 8 it may be too little, (and ** ſo.) 
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Root within an Unit in the ſixth place of decimal P 
taking the Cube of each, (which I do that the thing may be more clearly 


(100) 
Which comes to paſs from hence; becauſe E (by Conſtruction) is leſs than 
I; and therefore 3 A E leſs than 3 A; and perhaps ſo much as that the Ad- 


dition of Eq will not redreſs it. And when it ſo happens 3 Af 3 A is a 


better Diviſor than 3Ag+3A+1, (or even ſomewhat leſs than either.) 
But becauſe it doth not always ſo happen (though for the molt part it doth) 


the Rule doth rather direct the other; as which doth certainly give a Root 


leſs than the true Value, whoſe Cube may always be ſubtracted from the Non- 


Cubic propoſed: the Deſign being to have ſuch a — 8 (being ſub- 
tracted) may leave another B, to be ordered in like manner for 


ew Approach. 
Bur, for the moſt part, 3 A/ may be ſafely — the Diviſor. For tho” 
the Reſult will then be ſome what too big, yet the Exceſs may be ſo ſmall as 
to be neglected; or; at leaſt, we may thence eaſily judge what Number 
(ſomewhat leſs than it) may be ſafely taken. And if we chance to take it ſome- 


| What too big, the Inconvenience will be but this, that B for the next Step 


will be a Negative. Of which Caſe we ſhall ſpeak anon. 1 

Thus for Inſtance: If the Non- Cube propoſed be 9 =N. The greateſt 
Integer Cube therein contained is 8 Ac, (whoſe Cubic Root is A=2.) 
Which Cube ſubtracted, leaves 9g S =1 =B=3;AgE+3AEq+Ec. 
This divided by 3 Af = 12, gives 2 =0.08333 +, too big for E. But the 
ſame divided by 3 A AI ZTG 19, gives =0.05263 +, 


too little. Or if but by 3 Agq+3A=12+6=18, it gives 2 =o = 


0.05555 +, yet too little. For the Cube of A+0.06, = 2.06, is but 
8.742 —, which is ſhort of 9; and ſo much fhort of it, that we may 
fafcly take 2.07 as not too big: Or perhaps 2.08, which upon trial will be 
found not too big; for the Cube of 2.08, is but 8. 998912. TH 
If this firſt Step be not near enough, this Cube ſubtracted from 9.000000, 
leaves a new B = 0.001088, which divided by 3 Af = 12.9796, gives 

0.000084. -; which will be ſomewhat too big, but not much. (For E is 
now ſo ſmall, as that 3 AE may be ſafely neglected, and Eq much more.) 
So that if to 2.08, we add 0.000084 , the Reſult 2.080084 will be too 
big; but 2.080083 will be more too little, (as will appear if we take the 
Cube of each.) So that either of them, at the ſecond Step, gives the true 
arts. But when I ſay, 


apprehended ) it is not neceſſary that we trouble ourſelves with the whole 


Cube. For Ac being already ſubtracted, for finding B=3zAgE+3AEg — 
IE, we have no more to try, but whether 3AgEþ3AEg+Ecr, be 


greater or leſs than B, according as we take 0.000084, or 0.000083, for E. 
Which may conveniently be done in this manner: Take 3 A E, and 
multiply this by E, (or E by it) fo have we ZAE+ Eg. To this add 3 Ag, 
and multiply the whole by E, (ſo have we 3 A4 E 3 AE Ec) to ſee 
whether this be greater or leſs than B. [org : 
That is, in the,preſent Caſe, if we take E =0.000084, and add to this 
3A = 6.24, then is 6.240084 = 3 ATE. This multiplied by E = 


0.000084, is 3 AE+Egq = 0.000524 +. To which if we add 3 A7 x 


12.9792, it is 3 Af 3AE+Eq=12.979724 Which multiplied again 


1 


* 


ers. 


If by 4 Ac+6Aqg+4A +1, it will certainly be too little (for Reaſons be- 
1 | RNS : 


(101) : 
by E = 0.000084, is 0.0010902 + = ATE + 3AEgq + Ec, which is 
more than B = 0.001088. „ | 

But if we take E = 0.000083, and proceed as before, we ſhall have 
;AqE+;AEq+Ec=0.001077 +, which is leſs than B =0.001088. 
And therefore (if we ſubtract that from this) the Remainder, 0.00001 1, 
will be another B for the next Step, if we pleaſe to proceed farther. _ 
| Hitherto I have purſued the Method molt affected by the Ancients, in 


TY a Square or Cube (and the like of other Powers) always leſs than 
the ju 


Value, that it might be ſubtracted from the Number propoſed, lea- 
ving B a poſitive Remainder; thereby avoiding Negative Number rs. 

But ſince the Arithmetick of Negatives is now ſo well underſtood, it may 
in this (and other Operations of like nature) be adviſeable to take the ncar- 


eſt, whether it be greater or leſs than the juſt Value, 


According to this Notion, for the Square Root of 5, I would fay it is 
(z +) ſomewhat more than 2; and enquire how much more. But for the 
Square Root of 8, I would fay, it is (3 —) ſomewhat leſs than 3; and en- 
quire how much leſs: raking (in both Caſes) that which is neareſt to the 


F 


Thus in the Cubic Root before us; I would take for E (in the laſt En- 
quiry) 0.000084 — ( where for the next Step we have B = — 0.000002 ) 
rather than 0.000083 + (where for the next Step we ſhould have B = 
+ 0.000011.) In the latter Caſe, we are to divide B 0.000011, b 


3 Af = 12.980236 —, to find (by the Quotient) how much is to be added 


to 0.000083. In the other Caſe, we are to divide B = + 0.000002, by 
3Aq=12.980248, to find (by the Quotient) what is to be abated of 


55 5 O. o0O0O011 — RY 
00 . ve — ==0,000000 to be added 24e ; 
0 o000R4 3 fo have * bore © 1 * be adde to 6. 240083 
0.000002 | 


r 4" 7"; dnp 0.000000 1F - to be abated of 6. 240084; (Or it may 


ſuffice in either to divide by 1 2.98 +, or even by 13 —, without being in 


cumber'd with a long Diviſor) either of which gives us, for the Root ſought, 
2.08008 3857 proxime; true (at the third Step) to the eighth place of de- 


cimal Parts. And if this be not near enough, the Cube of this, compared 


with the Number propoſed, will give us another B for the next Step: and 
ſo onwards as far as we pleaſe. 5 | „ 
Now what is ſaid of the Cube, is eaſily applicable to the higher Pow- 
I ſhall omit that of the Biquadrate; becauſe here perhaps it may be thought 
moſt adviſeable to extract the Square Root of the Number propoſed, and 
then the Square Root of that Root. But if we would do it at once, we are 
from N (the Number propos'd, being not a Biquadrate) to ſubtract A9 


(the greateſt Biquadrate contained in it) to find the Remainder B 24A E 


+6AqgEq+4AEc+Eqz. Which Remainder, if we divide by 4 Ac, 
the Quotient will certainly be too big for E, (though perhaps not much: ) 


fore 
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fore-mention'd.) And we are to uſe our Diſcretion in taking ſome interme- 
diate Number. And if we chance not to hit on the neareſt, the Inconve- 
nience will be but this, that our ps Song not be ſo great as otherwiſe it 
might be. Which will be rectify'd by another B at the next Step. | 
For the Surſolid (of five Dimenſions) we are, from N (the Number pro- 
3 poſed being not a perfect Surſolid) to ſubtract Agc (the greateſt Surſolid 
therein contain'd) to find the Remainder B ATE Æ lo ACEA 10 
 AqEc+FAEgg+Egc. Which (as before) it we divide by y A gg, the 
| Reſult will be ſomewhat too big, (becauſe the Diviſor is too little: ). If by 
7 AA to0oAcÞioAghSy Amr, the Reſult will certainly be leſs than 
the true E. The juſt Value of E being ſomewhat between theſe two, 
where we are to uſe our Diſcretion what intermediate Number to take. 
Which according as it proves too great or too little, is to be rectify'd at the 
next Step. „ 1 # 3 
But for the moſt part it will be ſafe enough (and leaſt trouble) to divide 
by 7 A7, which gives a Quotient ſomewhat too big; which we may either 
rectify at diſcretion, by taking a Number ſomewhat leſs, or proceed to ano- 
ther B, (affirmative or negative, as the Caſe ſhall require) and ſo onward to 
what Exactneſs we pleaſe. Which is, for Subſtance, in a manner co ·inci- 
dent with Mr. Raphſon's Method, even for affected Equations. 
Thus, in the preſent Caſe: If the Number nay x be N = 33, then is 
Agc = 32, and B = 33 —=32=1=5 ATE LO ACE 10 AA ET 
AE Ec. Which it we divide by 5 Aqgq=Fx16 =80, the Re- 
ſult Fs =0.0125, is ſomewhat too big for E, but not much. And if we 
examine it, by taking the Surſolid of 2.0125, or of zu, we ſhall find a 
Negative B (for the next Step), but not very conſiderable. Or if we 


think it conſiderable, we may proceed farther to another Step, or more 
than fo. - IS 


The like Method may be apply'd (and with more Advantage) in the 


higher Powers, according as the Compoſition ot each Power requires. 
And the fame Method may be of Uſe (with good Advantage) in long 
Numbers (if duly applied) even before we come to the place of Units; for 
the ſame will equally hold there alſo. Which th 
hend, without a long Diſcourſe upon it. 


8 XXV. The very Idea of Magnitudes infinitely great, or ſuch as exceed 
of infinite Quaa- any aſſignable Quantity, does include a Negation of Limits: yet if we near- 
riries; by Mr. E. ly examine this Notion, we ſhall find that ſuch Magnitudes are not equal 


Halley, n. 195, * 


2.556, - ©” amongſt themſelves, but that there are really beſides infinite Length, and 


infinite Area, three ſeveral forts of infinite Solidity: all of which are Quan- 
titates ſui generis; and that thoſe of each Species are in given Proportions. 

Infinite Length, or a Line infinitely long, is to be conſidered either as be- 
2 at a Point, and fo infinitely extended one way, or elſe both ways 
ro 


m the ſame Point; in which Caſe the one, which is a beginning Infinity, 
is the one half of the whole, which is the Sum of the beginning and ceaſing 
Infinity; or, as I may ſay, of Infinity à parte ante and 2 parte poſt, which is 

| . © analogous 


e Reader may eaſily appre- 


. 


PRs» 
Rx" 
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analogous to Eternity in Time or Duration, in which there is always as 
much to follow as is paſt, from any Point or Moment of Time: Nor doth 
the Addition or Subduction of finite Length, or Space of Time, alter the 
Caſe either in Infinity or Eternity, fince both the one or the other cannot 
be any Part of the Whole. TY 
As to Infinite Surface or Area, any Right Line infinitely extended both 
ways on an infinite Plane, does divide that infinite Plane into equal Parts, 
the one to the right, and the other to the left of the ſaid Line; but if from 
any Point in ſuch a Plane, two right Lines be infinitely extended, ſo as to 
make an Angle, the infinite Area, intercepted between thoſe infinite right 
Lines, is to the whole infinite Plane, as the Arch of a Circle on the Point 
of Concourſe of thoſe Lines as a Center, intercepted between the ſaid Lines, 
is to the Circumference of the Circle; or as the Degrees of the Angle to 
the 360 Degrees of a Circle. For. Example: Two right Lines mecting at a 
right Angle do include, on an infinite Plane, a quarter Part of the whole in- 
finite Area of ſuch a Plane. 3 3 
But if lo be two parallel infinite Lines be ſuppoſed drawn on ſuch an infi- 
nite Plane, the Area intercepted between them will be likewiſe infinite; but 
at the ſame time will be infinitely leſs than that Space, which is intercepted > . 
between two infinite Lines that are inclined, tho” with never fo ſmall an An- 
gle; for that in the one Caſe, the given finite Diſtance of the parallel Lines 
diminiſhes the Infinity in one Degree of Dimenſion; whereas in a Sector, 
there is Infinity in both Dimenſions: and conſequently the Quantities are the 
one infinitely greater than the other, and there is no Proportion between them. 9 / 
From the ſame Conſideration ariſe the three ſeveral Species of infinite 
Space or Solidity z for a Parallelopipid, or a Cylinder infinitely long, isgreat- = 
er than any finite Magnitude, how great ſoever; and all ſuch Solids ſuppos'd | 
to be formed on given Baſes, are as thoſe Baſes in proportion to one another. 
But if two of theſe three Dimenſions are wanting, as in the Space intercept- 
4 ed between two parallel Planes infinitely extended, and at a finite Diſtance; 
R | or with infinite Length and Breadth, with a finite Thickneſs, all ſuch So- 
T lids ſhall be as the given finite Diſtances one to another; but theſe Quanti- 
ties, tho' infinitely greater than the other, are yet infinitely leſs than any of 
thoſe wherein all the three Dimenſions are infinite. Such are the Spaces in- 
tercepted between two inclined Planes infinitely extended; the Space inter- 
cepted by the Surface of a Cone, or the Sides of a Pyramid, likewiſe infinite- 
2 ly continued, Sc. of all which notwithſtanding, the Proportions one to ano- 
be ther, and to the 7 a#y or vaſt Abyſs of infinite Space (wherein is the Locus of 
all things that are or can be; or to the Solid of infinite Length, Breadth and 


3 Thickneſs taken all mannner of ways) are eaſily aſſignable. For the Space 
8 between two Planes is to the whole, as the Angle of thoſe Planes to the 360 
IS Degrees of the Circle. As for Cones and Pyramids, they are as the (pheri- 
cal Surface intercepted by them is to the Surface of the Sphere, and there- 
Y fore Cones are as the verſed Sines of half their Angles to the Diameter of the 


Circle: Theſe three ſorts of infinite Quantity are analogous to a Line, Sur- 
| ; | | face, 1 


/ 
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face, and solid, and after the ſame manner cannot be compared, or b no 
Proportion the one to the other. 


Infinitelxinſi- MXXVI. Infinitely-infinite Fr actions, or all the Powers of the Fractions ? ? 
© D. i Wool. whoſe Numerartor is 1, are all of them together equal to (1) an Unit. = 
i Ph. col. n. 3. | 
| . pz 0 
5 a 8 
| * —— y * 7 4 
| A. R. q T „ | 1 nol < 4: 3 
FT 4 43-3 or 
1 GY Bo. . 3 I'XI 'S ERS 
| 3 TY TY 16 | [ 1 F 29% 1 
. „„ TE TIS 
ö : I wo 0 11 F . 

3 CC 
Fig We hat * 0 | © a 7 FEY 
: Tan 4 4TS4 232 — =|- +]— = 
"©; * 7 ＋ 877 er 7 Led 
6 2 i 
C e ee 
„ 18 1288 * Tatts rx 
OP ot: SORE | 
A | . 
tv _ * 
2 H : 
[ þ [ 
. i 
FT FAR”. TH IX 23 2 * | 
; 1 1 — * 5 e . &c. 
N 3 U 4435 3 * 2.X 35 | Z? * | 
I I I Sh I 
1 *＋ E &c 
J 
11 1 1 
— + | ==|— -|- | = — + &c. 
$1458 117. K 8 
1 1 1 1 1 
— — =] | —— =|- + &Cc. 
: 65 yx 677 NK 6 7 = 


A. Is a File or Row of abſolute Numbers, or rather of all the Fractions, 
| whoſe Numerator is 1 ; which Row is ſuppoſed to be continued's in infinitum 
_ 5 (downwards. + , 
K. Is 
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2 R. Is another File or Row of all the Roots (whoſe Numerator is 1) of 


all the Powers of ſuch Fractions, ſuppoſed likewiſe to be continued in infini- 
tum (downwards). | 8 
P. Are all the reſpective Powers of ſuch Fractions, (viz. Squares, Cubes, 


c.) or ſo many Ranks of Geometrical Proportionals, ſuppoſed to be conti- 


nued in infinitum, both to the Right-hand, and alſo downwards. 


Lemma.] Each of the ſaid Ranks of Powers, together with their reſpefive 
Roots, is equal to each of the ſeveral Numbers under A reſpectively. 


Y 


| Demonſtration. If from the Line ab you take (for inſtance) 4 part towards xy, 34 
a, ſuppole a c; and alſo from the other End of the fame Line ab, you take 


two ſuch Parts (or 2 Parts) towards 5, ſuppoſe h d, (viz. a Number of Parts 
leſs by two than the whole Line 'a 5 was firſt ſuppoſed to be divided into) 
there will remain the Line cd == , = of ab. Then again, if from c d 


you take 4 Part thereof towards a, ſuppoſe ce, and from the other End 4 Parts 


of the ſame cd, ſuppoſe d /, there will remain only ef = ce = {i of cd. 
And if you {till go on without ceaſing, to take on the Side towards a, 3 Part 
of what was taken laſt before, and twice as much on the other Side towards 
b, there ſhall be found between the two Lines laſt taken always remain- 


ing 4 Part of the Line from which they were taken. From which £ Part 


there may {till after the ſame manner be ſuppoſed to be taken two other 


ſuch Lines. Bur if this be ſuppoſed to be done infinite times actually, 


then there will nothing more remain (between), and ſo the continued Divifi- 


on on either Side will come exactly to the Point g, ſuppoſing a g to be + of 


ab, and g =2 ag: For, becauſe that which was taken away towards b, was 
always twice as much as that which was taken away towards a, the total 


Sum of all the Lines taken away towards &, (which all together do make u 


the Line 4 g) muſt be twice as much as the Line ag, (which is the total Sum 
of all the Lines taken away towards 4) viz. bg = 2ag; and conſequently 
be +ag (or the whole Line ab) is equal to 3 4 g; and therefore ag = 3 of 
4+. @.E. Dy... 


The like Conſtruction and Demonſtration (mutatis mutandis) may be made uſe of 


in taking away any other Part of any Quantity, and the like Part again of the firſt 


mentioned Part, and fo in infinitum. The total Sum of all the Parts ſo taken, or 
ſuppoſed to be taken, ſhall be equal to any certain Quantity, or Part, or Fraction, 
whoſe Denominator ſhall be leſs by an Unit than the Denominator of the firſt 


ani 1 . 3 1 
mentioned Part; e ED + — &c. 2 — &c. 


1 n 


And ſo, that which the incomparable Archimedes (in his Squaring the Parabola) 


has only demonſtrated in one particular Caſe, viz. AE 
| | . 18 3 q 
—_ + 2 &c. and that too, not without an huge Apparatus of Pre— 
% 04 5 
liminary Propoſitions, amounting to a whole Book, is here univerſally de- 
| | FFC monſtrated 


Me 


monſtrated in all Caſes (which are infinite) and by a very imple and ealy Me- 
thod (in Des Cartes's Way) and on one ſingle Page. 


Now if each of the ſaid Ranks of Powers, together with their reſpective 
Roots, be equal to the ſeveral Numbers of Fractions under A; (as is demon- 
ſtrated by the Lemma) then is A the Sum oſ them all, or hk to them all 
that is to ſay, R + PS ARA]; for R is the ſame with A wanting 


, or Is (as appears upon View) or but (=) one infinite Part bigger. 


Wherefore Þ = 1, 9, E. D. wiz. Infinities Infiniti numeri Fracti equantur U- 1 
matt, ſc. minimæ Radici Integre. | 


wide ws Hinc patet, e | 9 
Dari progreſſum in infinitum. a 
: Et non modo in unum Infinitum, ſed etiam in plurima; ſeu potins infi- = 
als fen, vel infinities Inſinita. I 
3* Et hoc fieri poſſe, id eſt, hunc Calculum inſtitui, ab ingenio valde finito 1 

aui exiguo. 
4*. Et totum hunc Progreſſum, vel progreſſus bujuſmadi infinitos, poſſe Nu- 

merari, five aggregari in unam ſummam. 


5. Et in ſummam, non modo non infinitam ; 3 ſed adeo tantillam, ut fit mi- 
nor omni numero. Pater ulterius 


Inſinitorum alia eſſe equalia, alia inæqualia. 
E. unum Inſinitun © args 888 tribus, ae. vel Finitis vel Inſinitis. 


For 1. The infinite powers of the firſt Rank: are === ; _ yy and allo 


equal to al the infinitely- -infinite Powers of all the other Ranks. 


„vir. equal to the 
1 1 | reſpective mean 
1 1 
| umber between 
Thoſe of the third Rank are = = = ——| the Square Num- 
bers reſpectively. 


Thoſe of the fourth Rank are == = e. 
diet TNE-FOUTTN mann 20 of OF; 4 6, 5 
= = ——=| > > 
Thoſe of the fifth Rank are 50 x6] 16, 20, 25 
Ke. in inſinim. r 
} RC. in inſinitum. 


The infinite Powers of the ſecond Rank are — 
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2. The infinite Powers of the two firſt Ranks are = 


| | | IG 
1 Thoſe of the three firſt are 


Thoſe of the four firſt are = 


Thoſe of the five firſt are == 


QC. in infinitum. 


[| 8 


F 3. All the Powers of all the infinite Ranks, except the firſt, are 


4 All, except the two firſt, are 


All, except the chree firſt, are: 


g [| 


= >| ow te | 


All, except the four firſt, are = 7 


A &c. in infinitum. 
I The latter Coro/laries may all appear by ſimple Addition and Subduction; 
and lo may many more. 0 | 5 * 1 
XXVII. 1. That the Numeral Figures now in uſe, with the manner of h N 
Computation by them (and the Names of Algoriſm, appropriated to that Way gures ; h) B.. J. 
of Computation) came to us from the Arabs (but ſomewhat altered, as to the Wallis, N. 134 · 
Shape of the Figures, in ſucceeding Ages) and to them from the Jadians, is ge- 88 
* _nerally agreed. But it is not fo generally agreed, of what Antiquity the Uſe 
of them, in our European Parts, hath been. 
7 Fo. Gerard Voſſius (De Scientiis Mathematicis) thinks they came not in Uſe 
here till about the Year of our Lord 1300; or ar the fartheſt, later than the 
Fear 1250. And P. Mabillion (De Re Diplomatica) tells us, that he hath not 
found them any where uſed ſooner than the 14th Century. But I think their 
= Uſein theſe Parts was as old at leaſt as the times of Hermannus Contraftus, who 
lived about the Year of our Lord 1050, (that. is, about the middle of the 11th 
Century,) if not ſo frequently in ordinary Affairs; yer at leaſt in Mathema- 
iical things, and eſpecially in Aſtronomical Tables. 
1 But I do not remember that I have any where ſeen any Monument of them F. 55. 

more antient than the Mantle-tree of the Parlour Chimney at the Dwelling- . 
Houſe of Mr. Will. Richards, the Rector of Helmdon in Northamptonſhire. 

The Sides of the Chimney, by which the Mantle-tree is ſupported, are of 
Stone; bur the Mantle-tree itſelf is of Wood. It is all over as black as 
Ink, having by Age and Smoak contracted that Colour. It may yet conti- 
nue many hundreds of Years; for I did not diſcern in it any thing either of 
Worm, or Rottenneſs, or any Tendency to it. The Length of it is 5 Foot 
9 Iuches; its Breadth or Depth at the Ends, (AB) is 11 + Inches, byt * 

Þ 3 the 
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1 | . 
the Middle, as CD, ſomewhat leſs. It is alſo carved from End to End, and the 
lower Part of it is abated, as in the Mouldings of other Chimneys. On the a 
Front of the upper Part there is (beginning at the Middle) on 3 Squares partei 
from each other by a deep Furrow or Channel, the Date (J ſuppoſe, when M 
it was firſt made) deſcribed partly in Numeral Figures, A? Do! Me 133; on a 7 
fourth a Flower, and on a 5th the two Letters W. R. with an Eſcutcheon, 9 
repreſenting (I ſuppoſe) the Name of him to whom it did then belong. Both g 
the Letters and the Figures are of an Antique Form, agreeing well enough A 
with that Age. They are not engraved or cuti in, but prominent on their ſe- 4 
veral Squares (by way of Bas-relief) the Wood being abated round about E 
them. The o over the A is a round o, but that over the M is a ſquare o. 1 
Hence it appears, that the Uſe of ſuch F igures here in England, even on or- 
dinary Occaſions, is at leaſt as ancient as the Year 1133. And ] judge it to 
have been yet ſomewhat ancienter, becauſe the Shape of the Figures, though 
not come juſt to the Shape which we now uſe, was even in conſide- F 
rably varied from the Shape of the Arabick Figures; which argues they 5 
had then been for ſome time in uſe; ſuch Change of Shape in Figures and 
Letters coming on gradually with Time. 


It need not move any Scruple at all, that Part of the Numbers is ex- 
preſſed by the Numeral Letter M (or the Word Milleſimo, of which Me is 
but a Contraction) while the reſt is expreſſed in Numeral Figures: For the 
like doth oft occur in old Manuſcripts; and ſometimes even at this Day. 
And it doth rather favour the Simplicity of that Age, (not very nice in ſuch 
things, eſpecially amongſt Mechanicks) than any Deſign of Impoſture. 
By Mr. Tho. 2. Over-againſt the Markez-place in Colcheſter ſtands the Houſe of Mr. 
Luffkin. . Furley, a Linnen-draperz ſome of the backermoſt Part of which is an ancient 
N. 24. [3 677. Roman Building, but the Front is of leſſer ſtanding, and timbred. Upon the 
Aug. An. 1699. bottom Cell (which is almoſt in the Form of a triangular Priſm) of one of 
5 the Windows of the Front, between two carved Lions, ſtands an Eſcutcheon, 
. containing only theſe Figures 1090. The Periphery of the Cyphers, and 
Fu. 56. Nine, are rather fracted than flected, prominent, large, and very fair; but 
to make them the more perſpicuous, they are gilded by the Proprietor. The  * 
Window looks directly North, the Date being thereby preſerved from the 4 
ſcorching Heat of the Sun; and by its Inclination (falling from the Vertex or . 
Perpendicular by an Angle of about 60 Degrees) from Rain, Snow, c. If it 
be objected, that the ſecond and fourth Figures may repreſent that among the 
Arabians, which is with us as 5; I anſwer, that the o is not uſed with all the 
Arabs for y, but with ſome for a Cypher, and ſo it was uſed by the Moors in 
Spain, who firſt brought theſe Figures into our Parts; nor is the ſquare o an 
Arabic Letter, but an Engliſh Letter of that Age. And the Form of theſe 
Figures ſoon degenerated from that of the Arabs, into ſuch as we now ufe, if 


nor at the firſt Reception from the Arabs [or Moors], certainly long before 
1579 as this Conſtruction would make it. 5 wed : 


_ r - * * *% > <= © 
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The Conſtrultion : "2 
f Logarithms ; 9 ; i | | _ = 
15 Mr.Edm, - XXVIII. The old Definition of Logarithms, that they are Numerorum pro- 2 

4 pI portionalium æqui- diſferentes comites, is too ſcanty to define them fully: For 

Mar. An. 1695. 8 | 2 they 


1 


170) 5 
they may much more properly be ſaid to be Numeri Rationum Euponentes; where- 
in Ratio is conſider'd as a Dyantitas ſui generis, beginning from the Ratio of 


Equality, or 1 to 1 = 0; being Affirmative when the Ratio is increaſing, as 


of Unity to a greater Number, but Negative when decreaſing ; and thele Ra- 


tiones we ſuppoſe to be meaſured by the Number of the Ratiunculæ contained 


in each. Now theſe Ratiunculæ are to be ſo underſtood as in a continued Scale 
of Proportionals, infinite in Number between the cwo Terms of the Ratio; 
which infinite Number of mean Proportionals is to that infinite Number of the 
like and equal Ra: iunculæ between any other two Terms, as the Logarithm 


of the one Ratio is to the Logarithm of the other. Thus if there be ſuppoſed 


between 1 and 10 an infinite Scale of mean Proportionals, whoſe Number is 
100000, Cc. in infinitum ; between 1 and 2 there thall be 30 102, Cc. of ſuch 
Proportionals, and between 1 and 3 there will be 47712, Sc. of them; 
which Numbers therefore are the Logarithms of the Rationes of 1 to 10, 
1 to 2, and-I to 3; and not ſo properly to be called the Logarithms of 10, 
0003 | a 
This being laid down, it is obvious that if between Unity and any 
Number pr poſed, there be taken any Infinity of mean Proportionals, the in- 
finitety litt: \ugment or Decrement of the firſt of thoſe Means from Unity, 


will be a Ratiuncula, that is, the Momentum or Fluxion of the Ratio of U- 


nity to the [114 Number: And ſeeing that in theſe continual Proportionals all 


the Ratiunculæ are equal, their Sum, or the whole Ratio will be as the ſaid 

Momentum is dircGly ; that is, the Logarithm of each Ratio will be as the 
Flu\ion hereof. Wherefore if the Root of any infinite Power be extracted 
our of any Number, the Differentiola of the ſaid Root from Unity, ſhall be 


as the Logarithm of that Number. So that Logarithms thus produced, ma 


be of as many Forms as you pleaſe to afſume infinite Indices of the Power 


whoſe Root you ſeck: as it the Index be ſuꝑpoſed 100000, &c. infinitely, 
the Roots ſhall be the Logarithms invented by the Lord Napier; but if the 


ſaid Index were 2302587, &c. Mr. 3riggs's Logarithms would immediately 


be produced. And it you pleaſc {top ar any Number of Figures, and not 
to continue them on, it will uffice to aſſume an Index of a _— or two 


more than your intended Lgarithm is to have, as Mr. Briggs did, who to 
have his Logarithms true to 14 Places, by continual Extraction of the Square 


Root, at laſt came to have the Root of the 140737488375 328th Power; 


but how operoſe that Extraction was, will be eaſily judged by whoſo ſhall 
undertake to examine his Calculus. | „ 


Now, tho' the Notion of an infinite Power may ſeem very ſtrange, and to thoſe 


that know the Difficulty of the Extraction of the Roots of high Powers, perhaps 


impracticable; yet by the help of that admirable Invention of Mr. Newton, 


whereby he determines the Unciæ or Numbers preſix'd to the Members compo- 
ſing Powers, (on which chiefly depends the Doctrine of Series) the Infinity of 


the Index contributes to render the Expreſſion much more eaſy: For if the 


infinite Power to be reſolved be put (after Mr. Newton's Method) p +7 9 


— 


| 


FEET 


1 
8 8 9 i 
— p Jim, 8 2 7 Im, inſtead of 1 + 71 + "246 28" "bw 


nm + 2mm, . 1 6 * ＋ 11 ½ i — 6 225 
6 nis WO 4 24 n 


727 + 


4 &c. 


(which is the Root when is finite), becomes 1 -þ- — q — aq + 


3 3; I 6•»dd» vi 9 ea 
5 72 * in! Tom 4% &c. mm being inſinitè infinite; and conſe- 


quently whatever is divided thereby vaniſhing. Hence it follows that — 


multiplied into 7 — $94 417 — 127 ++ 27 &c. is the Augment 


of the firſt of our mean Proportionals between Unity and 1 + 4, and is 


therefore the Logarithm of the Ratio of 1 to 1 +93 and whereas the Infi- 
nite Index ½ may be taken at pleaſure, the ſeveral Scales of Logarithms to 


ſuch Indices will be as — or reciprocally as the Indices. And if the Index 


be taken 10000, Ec. as in the caſe of Napier's Logarithms, they will be ſim- 
ply C=O SIO TIE SIN, Ne, 


Again; If the Logarithm of a decreaſing Ratio be ſought, the infinite Root 
tran Dt . et 


K 5 2 Va 3 NM 474 7 un 


6 


3 „&c. whence the Decrement of che firſt of our Infinite Number 


mm 


of Proportionals will be — into 9 +399 Ft i++ * ＋ 2 gf, Kc. 


which therefore will be as the Logarithm of the Ratio of Unity to 1 —9: 
Bur if n be put 10000, Fc. then the faid Logarithm will be q FTT + $43 
T % Ge. 


Hence the Terms of apy Ratio being a and b, q becomes. 2 or the Dif- 


a 


ference divided by the leſſer Term, when 'tis an increaſing Ratio, or . 


5 "if 
when ' tis decreaſing, or as h to a; whence the Logarithm of the ſame Ra- 


tio may be doubly expreſs'd; for, putting x for the Difference of the Terms 
4 and b, it will be either „ 3 
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haut if the Ratio of à ro h̊ be ſuppoſed to be divided into two Parts, viz. into 
the Ratio of a to the Arithmetical Mean between the Terms, and the Ratio 
of the ſaid Arithmetical Mean to the other Term; then will the Sum of the 
'1 Logarithms of thoſe two Rationes be the Logarithm of the Ratio of à to 


z; and, ſubſtituting 5 2 inſtead of 7 4 + = 5, the ſaid Arithmetical Mean, the 
* Logarithms of thoſe Rationes will be, by the foregoing Rule 
1 3 * * „ * | 
3 — into —+ — + — t —+F 7+ = &c 
7 % a ge: T 
' 6 
= 1 * * * 23 a4 ** * 0 
1 and into — —— — r —.— —z &c. 
þ y —_ T3 IT 1 
1 | 1 2.x -S #* 2 x5 . 5 
LS the Sum whereof — into — þ — * + — ＋ — &c. will be the 
| 3 2 3 12 EDS. 
CL ogarithm of the Ratio of à to h, whole Difference is x, and Sum z. And 


FX this Series converges twice as ſwift as the former, and therefore is more pro- 
per for the Practice of making Logarithms; which it performs with that Ex- 
pedition, that where æ the Difference is but the hundredth Part of the Sum, 


2M 2 * | | 5 f 8 
= the firſt Step, _— ſuffices to ſeven Places of the Logarithm, and the ſecond 


= Step to twelve; but if Briggs's firſt twenty Chiliads of Logarithms be ſup- 
* poled made, as he very carefully computed them, to fourteen Places, the firſt 
Step alone is capable to give the Logarithm of any intermediate Number, 
true to all the Places of thoſe Tables. . 
1 After the ſame Manner may the Difference of the ſaid two Logarithms 
; A be very aptly applicd to find the Logarithm of prime Numbers, having the 
CL ogarithms of the two next Numbers above and below them: For the Dif- 
erence of the Ratio of à to x z, and of zz to b, is the Ratio of ab to 4 2 2, 
aand the Half of that Ratio is that of / 4 h to = 2, or of the Geometrical 
Mean to the Arithmetical. And conſequently the Logarithm thereof will 
be the Half- difference of the Logarithms of thoſe Rationes, viz. 


3 


6 8 
. 8 * 
— NO — + — + 7 Og 3 QC. 
2 . 


Which is a Theorem of good Diſpatch to find the Logarithm of + . But 
wp rs ame is yet much more advantageouſly performed by a Rule derived from 
ZE whe foregoing, and beyond which, in my Opinion, nothing better can be ho- 
| « ped. For the Ratio of a to +22,01444 + 3546s +7 bb, has the Diffe- 

' Tence of its Terms, 2 aa — + ab 3 bb, or the Square of 4 — 4b xx, 


which, in the preſent Caſe of finding the Logarithms of Prime Numbers, is al- 
: e | Ways 


% 


e 1 . : 1 : | We | Fg | 
* _ ways Unity; and calling the Sum of the Terms; 2 2 + @ b = yy, the Lo- 
garithm of the Ratio of yabtoza + $65, or 4 2 will be found 3 


I . I I 4 I 
OF += TX xs 6. 
= „ 7 75 . | 


which converges very much faſter than any Theorem hitherto publiſhed for 
this Purpoſe. | 


Here note, that — is all along applied to adapt theſe Rules to all Sorts of - 


Logarithms. If be 10000, &c. it may be neglected, and you will have Na- 
| pier's Logarithms, as was hinted beſore; but if you defire Briggs's Logarithms, 
— which are now generally received, you mult divide your Series by 2, 302585 - 

= 092994045#684017991454684.36420761010148862877976033328, or mul- 

tiply it by the Reciprocal thereof, viz. o, 43429448 190325 182765112891 
8916600822943 975803666566 114454. 3 „ 

But to ſave ſo operoſe a Multiplication (which is more than all the reſt of 

the Work) it is expedient to divide this Multiplicator by the Powers of z ry 

continually, according to the Direction of the Theorem, eſpecially. where x 1s 

ſmall and Integer, reſerving the proper Quotes to be added together, when 

you have produced your Logarithm to as many Figures as you deſire; of 

which Method I will give a Specimen, in the Logarithms of the firſt prime 

Numbers under 20 to ſixty Places, computed by Mr. Abraham Sharp, as they 

were communicated to me by our common Friend, Mr. Euclid Speidal. 


„„ > 7, Logarithms, 


2. o, 30 102999566398 11952137388947 24493026768 18988 1462 108841310427 
3. o, 47712125471966243 729502790325 5 115 3092001 28864190695 864829866 
7. o, 8450980400142 56830) 1221625 8592636193483 572396323965406503835 
11. 1, 041392685 158225040750 1999712430 24241706702 19046645 30945965 39 
13- 1, 1139433 5230683776920654 18950262462 5456118900505 3673288598083 
17. 1, 23044892 137827 3028 5401698943283 3703000) 567 37 842 5046397380368 
19. 1, 2787536009 528 2896153633347 575692931795 11923373 944975989068 19 


The next Prime Number is 23, which I will take for an Example of rhe 
foregoing Doctrine; and by the firſt Rules, the Logarithm of the Ratio of 
22 to 23 will be found to be either N 1 


1 


xi I 3 13233 
TT WT nee , 
; . OR. Ne Re 3 
. 5 23 ＋ 698 ＋ 36757 1119364 ” 321817175 &c. 


As likewiſe that of the Ratio of 23 to 24 by a like Proceſs. | 


&c. or 


OY WES £350 0165 tool I 
5 23 Tos © 36701 119364 0 32181715? 


x 2 1 I we be 
N 2 * TT T i 39813120? 
And this is the Reſult of the Doctrine of Mercator, as improv'd by thelearn- 
; 3 * 
ed Dr. Wallis. But by the ſecond Theorem, viz. = + == + I Se. 


* 


> 


the ſame Logarithms are obtained by fewer Steps; to wit, 


2 2 3 2 . 
47 T: 273377 922640625 T 2615686171875 ? — _ 

<4 2 1 2 ; 

47 * 311469 1146727035 + 3546361843241? 15 | 
which was invented and demonſtrated in the Hyperbolical Spaces. analogous 
to the Logarithms, by the excellent Mr. James Gregory, in his Exercitationes 
Geometrice, and ſince further proſecuted by the aforeſaid Mr. Seidall, in a 
late Treatiſe in Exgliſh by him publiſh'd on this Subject. But the Demon- 
ſtration, as I conceive, was never till now perfected without the Conſidera- 
tion of the Hyperbola, which in a Matter purely Arithmetical as this is, can- 
not ſo properly be applied. But what follows, I think, I may more juſtly 
claim as my own, viz. That the Logarithm of the Ratio of the Geometrical Mean 
to the Arithmetical, between 22 and 24, or of / 528 to 23, will be found 
to be either, EE | bs 


11153 POT IL 1 "A Oh 
1058 ＋ 7119364 ha 888217334 ＋ T26497802987 &c. or 


- I ' * 8 1 Ber I | &c 
rof7 © 3542796579 © 6596765 jBa8ady? OO 


All theſe Series being to be multiplied into o, 43429448 19, &c. if you 
deſign to make the Logarizhm of Briggs. But with great Advantage in re- 
ſpe of the Work, the ſaid o, 4342944819, &c. is divided by 1057, and the 
Quotient thereof again divided by three times the Square of 1057, and that 
Quotient again by £ of that Square, and that Quotient by 7 thereof, and ſo 
forth, till you have as many Figures of your Logarithm as you deſire. As 
for Example,. the Logarithm of the Geometrical Mean between 22 and 24. 
is found by the Eogarithms of 2, 3, and 11, to be 


r — —ä— 8 15,36 


1 

_  1,3613169612669061294f00917266980F 
—  1oy7) 43429 Xe. (- - - 41087462810146814347315886368 
z in 1117249) 41087 &c. (- - - - » = 122yg8521544181829460074. 
518 1117249) 12278 &c. (-- - - = = 6583235184376175 
Zin 1117249) phe co. n᷑ꝓt ooonono=o== === 4208829765 
7 in 1117249) 42088 &c. (- — = - - - - 2030 


Summa 1,26 17278 :60175728788677771 12257119 


Which is the Logarithm of 23 to thirty-two Places, and obtained by five 
Diviſions with very ſmall Diviſors; all which is much leſs Work than ſimply 
multiplying the Series into the ſaid Multiplicator 0,43429, &c. 5 


C 
From the Logarithm given to find what Ratio it expreſſes, is a Problem that 
has not been ſo much conſidered as the former, but which is ſolved with the 
like Eaſe, and demonſtrated by a like Proceſs, from the ſame general Theorem 
of Mr. Newton; for as the Logarithm of the Ratio of 1 to 1 ＋ q was pro- 


ved tobe 1 + 4 — 1, and that of the Ratio of 1 to 1 — 7 to be 1 — 


I = : fo the Logarithm, which we will from henceforth call L, being 
| given, 1 . L. will be equal to I P5f in the one Caſe, and 1 —L will 


be equal to 1 — pb in the other: Conſequently 1 +L7) will be equal to 
1+4, and 1 —LF to 1 — 9; that is, according to Mr. Newton's ſaid Rule, 


1 +mL +; mW L? + = m L * 24 * L* + =_ mn. L, &c. will be = 


: 5 111 1 1 
to 1 ＋ 45 and 1. A - * L * m L . 
1. 15, Cc. will be equal to 1 — 7; 1 being any infinite Index whatſo- 
ever: which is a full and general Propoſition from the Logarithm given to 


find the Number, be the Species of Logarithms what it will. But if Na- 


pier's Logarithm be given, the Multiplication by n is ſaved, (which Multipli- 


cation is indeed no other than the reducing the other Species to his) and the 


Series will be more ſimple, UIZ. 1+ L + = L. + 5 L + 4111 


1 8 105 : 755 RI | 
— L', Cc. or 1—LITZL—4AL. + 77 * — Hh is Sc. 


- 4 


This Series, eſpecially in great Numbers, converges ſo ſlowly, that it were 
to be wiſhed it could be contracted. | 


If one Term of the Ratio, whereof L is the Logarithm, be given, the o- 


ther Term will be had cafily by the ſame Rule: For if L were Mfg 
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gs . 
«thn of the Ratio of à the leſſer to b the greater Term, 5 would be the Pro- 


duct of à into 1 ＋L＋ 2 L + 7 . Kc * A T 4 L. * L Fs 2. 
+ = a L*, &c. But if 6 were given, 2 would be = b — 5 L + —bL* 


— 5 = . Whence, by the help of the Chil:ads, the Number apper- 


taining to any Logarithm will be exactly had to the utmoſt Extent of the 
Tables. If you ſeck the neareſt next Logarithm, whether greater or leſſer, 
and call its Number à if leſſer, or & if greater; then the given L, and the Dif- 
erence thereof from the ſaid neareſt Logarithm you call /; it will follow that 

the Number anſwering to the Logarithm L will be either @ into 1 +1 


— 42 — — „ * 5 — 5 A — 1 2 — . 
+ i, 15 . or elſe þ into 1 oy - I 


=—Þ + 2M — — &c. wherein as J is leſs, the Series will conyverge 
6 . 18 

the ſwifter. And if the firſt 20000 Logarithms be given to 14 Places, there 
is rarely occaſion for the three firſt Steps of this Series to find the Number to 
as many Places. But for Ulacy's great Canon of 1 ooοοο Logarithms, which 
is made but to ten Places, there is ſcarce ever need for more than the firſt 
Step a Tal, or a + m a l in one Cale, or elle - , or - m in the o- 
ther, to have the Number true to as many Figures as thoſe Logarithms con- 
ſiſt of. | EE ds 

There is another Series which is not indeed fo ſimple and uniform, yet the 
firſt Step thereof is moſt commodious for Practice, and exact enough for Tables 


not exceeding 14 Places: It is thus; @ - — or þ — - — 7 will be 


the Number anſwering to the Logarithm given, differing from the Truth but by 
one half of the third Step from the former Series. But that which renders it 
yet more eligible is, that with equal Facility it ſerves for Briggs's or any other 


ſort of Logarithms, with the only Variation of writing — inſtead of 1, that is 


1 n ; Song 


al 5555 wy 

8 += and b — - —or - — — which 
n : Rf L 7 IDs Wy g x 
n 2 = . 7 ” 2 J ravke 


are eaſily reſolved into Analogies, vis. = 


I As 42429 &c. — £1: to 43429 + 211: ſo ib 4:1 
= 7 ; er 92 © . 1 
= Or, As 43429 &c. + +1: to 43429 —31::ſoisb;d, 2 


22 N 3 


—— — 9 


1697 —- 
If more of this Series be deſired, it will be found as follows, 


| 7 1 3 
a + — — 4 =, Ce. as may eaſily be demonſtrated by 


working out the Diviſions in each Step, and collecting the Quotes, whoſe 
Sum will be found to agree with our former Series; which is no other than-an 


_ eaſy Corollary to Mr. Newton's general Theorem for forming Roots and Powers. 


Tangents t9 
Curves, N. 8 I, 
p. 4010. 


Mar. An. 167 2. tical Works. 


R eftificatton of 

curves. N. 98. 
„5146 6149. 
(ov. An. 1673. 


1b. p. 61 50. 
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XXIX. Papers of leſs General Uſe Omitted. 

ee? | | N | 
1. Breviat of Dr. Wallis's two Methods of drawing Tangents; Ex- 

tracted by him from his Con. Sect. and other Parts of his Mathema- 
2. M. Huygens in his Hor. Oſcill. having given M. Huraet the Honour of In- 
venting a Curve equal to a Straight Line in the Year 1659; Dr. Wallis here 
aſſerts this Invention to Mr. William Neile (Son of Sir Paul Neile), who 
diſcovered and demonſtrated the Equality of a Paraboloid to a Straight Line 3 
two Vears before. The ſame was ſoon after otherwiſe demonſtrated by my * 
Lord Brounter, and Sir Chriſtopher Wren, in June and July 1657; and the 3 
Demonſtrations inſerted by Dr. Wallis, in his Tract de Cycloide 1659, with 4 
a fair Relation of the whole Matter. Beſides, Sir Chriſtopher Men found a 
ſtraight Line equal to that of a Cycloid in the Year 1658: Yet he freely 
confeſſes Mr. Neile's Invention of a Curve capable of Re#ification the Year 
DEE: © | 


3. The Abbot Galloys, having, in the Year 16 93, aſſerted that Mr. James 


of Curves.N.214 Gregory and Dr. Barrow ſtole their General Propoſitions concerning the Tran/- 


Nov. An. 1694. 


formation of Curves from Mr. Robervall; Dr. David Gregory here fully refutes 
that Aſſertion. For Mr. Gregory publiſh'd his Book at Padua 1668, and 
Dr. Barrow his Lectiones Geometrice 1674, which Mr. Robervall doubtleſs had 


a Sight of before he dy'd (which was not till Ofober 1675), yet he never 
complain'd of any ſuch Injury done him. 


1 Space, 4. Beſides that Segment of the Semicycloidal Figure, firſt obſerved by Sir 


perfect ( Ciadra- 


ble. N. 27.9. 111 


Chriſtopher Wren, and after him by Mr. Huygens, and a Trilinear Part of it, 


OR, An. 169. Which are capable of being Geometrically Squared; Dr. Wallis here produces 


The Cycloid con- 
þder'd long ago. 


June Ao 45 . now call'd the Cycloid,) was then conſider'd. But he alſo finds that Bovillus 


from his Tracts de Cycloide, and de Motu, ſome other Portions thereof equally 
capable of Quadrature. . e 5 


F. Dr. Wallis finds among the Mathematical Works of Bovillus, publiſh'd _ 
at ſeveral times between the Years 1501 and 1510, that the Curve (which is 


2 3 34 A 
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was not the firſt who conſider'd it: For Cardinal Cuſanus, as appears by an 
ancient Manuſcript of his Works ( tranſcrib d by 7. Scoblant in the Year 14591) 
had conſider'd it tome time before. The Figure indeed (thro' the Unskilful> TR 
neſs of the Tranſcriber) both in the MS. and the Bafl Edition, A. 1565, is 
very ill drawn; but being corrected according to the true Meaning of that 
Cardizal's own Words, it evidently repreſents the modern Cycloid. From 
| hence *tis manifeſt, that this Curve was not firſt taken into Conſideration 


either 


3 


| 1 
either by Mer ſennus or Galileo, but ſome Ages before, tho' never well 
underſtood till this preſent Ag 7 


6. Some Papers ſent by Mr r. Jo. Collins to Dr. Wallis, giving his n ag th in Algee 


| * ſome Detects in Algebra; which he did not live to finiſn. 1 
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xxx. Accounts of Books, with Editions, Emendations, &c. Omitted. 


* Uelidis Elana Geometrica, novo ordine ac Methods demonſirata. Lond. N. 15. p. 261. 
1666. 


2. Archimedis Opera; Apollonii Perg: Conic. Libri 45 Theodoſi | Spherica, N. 114. p. 314. 


. Methodo nova illuſirata, & ſuccincte demonſtrata : ab Ia. Barrow, R. F. S. Lond. * 


1675. in 4/0. | | 
3. Aexllidus Ts Eveaneois Vappirns, * K UA Merpngis. Evroxis "Aoxgahwrirs N. 123, p. 367 


e's auTy een, &c. Cum Verſio one & Notis Jo. Wallis, S. S. Th. D. Oxon. 
1676. 


4. Theon Smyrneus, publiſhed at Paris by Iſmael Bulialdus in Greek. and N. 80. . 3095 
Latin: 


7. Diophanti Alexandrini iis Libri "3 & de Numeris Multan- N 


N. 72. p. 2185. 
gulis Liber unus; cum Commentariis C. G. Bacheti, 2 Obſervationibus D. P. 
de Fermat, Senatoris Tholoſani : cui acce/ſit Doctrinæ Analytice Inventum No- 
vum. Toloſæ 1670. in Folio. | 
6. The Works of Monſieur de Fermat. N. , F 29: 


Franciſci du Laurens Specimina Mathematica, duobus Libris compi ebene 7. N. 30. 5380. 
Horum prior Hyntheticus agit de Genuinis Matheſeos Principiis in genert; in the”. 
autem de veris Geometrie Elementis hucuſque nondum traditis. Poſterior Analy- 


ticus de Methodo Compoſitionis atque Reſolutionts fuſe dilſerit, & multa nova com. N. 19 l. 54 


38. p. 1 
Plectitur, que ſubtiliſſimam Analyſeos Artem mirum in modum promovent. This N. 3 


39. P. 775 
Book is here Cenſured, ſome Miſtakes in it Cor rected, and the Cenſure vin- N. 4 41. p. 525. 


dicated, by Dr. Wallis. | 
8. R. P. Andre Taquet, 2 &. 7. Opera Mathematica. Antwerp, 1669. in N. 43 5. 859. 
Folio. — 


A Mathematica Compendium, collected out of the Notes and Papers N N. 104. 2. 83. 
of Sir Jonas Moore, by Nicholas Stevenſon. Lond. 1674. in 12 nb. 


10. R. P. Claudii Franc. Milliet de Chales, è e S. J. Curſus ſeu Mundus Ma- N. 110. . 229. 
thematicus, univerſam Matheſin tribus Tomis compleiens. Lugd. 1674. in 
Folio. 
11. The Mathematical Works of Dr. Jo. Wallis, Savilian Profeſſor of Geo- N. 216. 5. 73. 
metry in the Univerſity of Oxford, & F. R. S. in three Volumes in Folio. Oxon, N. 75% f. 259. 
12. An Introduction to Algebra, tranſlated out of High Dutch into Eng- N. 35. f. 688. 
liſh by Tho. Branker, M. A. much altered and augmented by Dr. F. Pell. 


| Alloa Table of * odd Numbers as are leſs than one Hundred Thouſand, 


ſhewing thoſe that are Iacompoſit, and reſolving the reſt into their Factors, or 
Coefficients. Lond. in 4to. 


13. . Ngebræ. Auth, Joh. 2 — HEY: in 4% N. 49. f. 2. 
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Ih 1 192. Kere Lond. 1673. in Folio. 


Me 143 75 Ts A Treatile of Agebra, both Hiſtorical and Pr acticalz by 70. Wallis, 


N. 233. 3-736. D. D. In the 109th Chapter there arc ſome Numbers miſtaken, which are 
here rectify*d by the Aer 
N. 14. 5. 253. 16. De Principiis & Ratiocinatione Gebmetrarum; contra Faftum Profe rum 
N. 16. 7. 259. Geometric. Authore Tho. Hobbes. This Book is here animadverted on, and 
anſwered, by Dr. Wallis. 
Fab. 5. 971. 17. Thomæ Hobbes Quadratura Circuli, Cubatio Sphere, Duplicatio Cubi, 
confutata. Auth. Jo. Wallis. S. T. D. Oxon. 1669. in Oro. 
N. 35. 7. 1121. 18. Thomæ Hobbes __ atura Circuli, Cubatio Sphere, Duplicatio Cubi, 
(/ecundo edita) denno refutata. Auth. Jo. Wallis. S. FT. D. Oxon. 1669. 

19. Roſetum Geometricam, cum Cenſura lreui Doctrinæ Walliſianæ de Morn. 
Auth. Tho. Hobbes Malmesburien/i. Lond. 1671. in Nuarto. This Book 1 iS 
N. 73. f. 2202: here anſwered by Dr. Wallis. 

N. 75. P. 2241. 20 Four Papers of Mr. Zobbs's, publiſhed in the Months of Auguſt and 

September 1671. which are here anſwered by 
NM. 86. f. 5047, 21. Lux Mathematica, Colliſionibus Johannis Wallifii, 8. T. D. & Thomæ 
Hobbeſii Malmsburienſis, excuſſa, multis & fulgentiſſimis aufta radiis. Auth. 


5 N. 72. p. 2185. 


R. R. Adjuncta Cenſura Doftrine Walliſianæ de Libra, una cum Roſeto Hobbeſii. 


N. 87. p. 3067. Lond. 1672, in Quarto. This Book is here anſwered by Dr. Wallis. 
N. 97. P. 6131. 22. Principia & Problemata aliquot Geometrica, ante deſperata, nunc . 
explicata & demonſt rata. Auth. T. H. Malmsburienſi. Lond. 1673: 
/Uarto. By. 
N. 185. 5. 245. 23. Le Grand 2 Famenx Probleme de Ia Ouadrature 27 Cercle reſolu Geomes 
3 Iriquement par le Cercle & la Ligne droit, par M. Mallement de Meſſange. 
2 Paris. 1686. in Tweſves, This Book is here refuted by M. D. Cluverlius. 


R. S. 8. 
N. 32. p. 623. 24. Nouveau Elemens de "EO EARS Or a Mathematical Treatiſe, entituled 
5 New Elements of Geometry. Paris. 1667. in Quarto. 


N. 79.7. 3064. 2J. Elemens de Geometrie; par le P. Ignace Gaſton Pardies, de Ia Comp. de 
5 J. a Paris 1671, in Twelves. * 


N. 33- f. 64% 26. 1. Vera Circali & Hyperbole Quadratura, in propria ſaa Proportioni s 
 Opecie inventa & Demonſtrata, a Jac. Gregorio Scoto. Patavii. in uarto. 


Tb. p. 64. This Subject is here further conſidered, and the Area of an Hyperbole ex- 


plain'd; by Mr. J. Collins, 


N. 37- 7 731. 2. M., Huygens having publiſh'd Animadverſions upon this Book, in the 


ournal de $:avans, 1668. Mr. Gregory here anſwers them. To this M. Huygens 

N. 44. 7. 882. reply*d in a following Journal of that Year; and Mr. Gregory, further to clu- 
cidate the Controverſy, here returns a {econd Anſwer. 
N. 216.7. 65. 3. In the 48th Page of this Book, Mr. Halley has Diſcovered and Correct- 
ed a ſmall Miltake in the Logarithm of 10. 
N. 35. f. 635, 27. Geometriæ pars Univerſalis, Quantitarum Curvarum Tranſmutationi && Men- 
ſuræ inſerviens. Auth. Jac. Gregorio Scoto. Patavii 1668. in Ouarto. 

N. 37. 2. 378. 28. De Infinitis Spiralibus inverſis, Infinitiſque Hyperbolis, lier Gromerrics, 
Auth. F. Stephano de Angelis Veneto. Patavii. in Quarto. 


29. Michaslis 


. The Elements of that Mathematical Science call'd Agebra; by 7o. 


by 
898 
55 
3 N 
* 
Rt 
$4 
5.60 
6 


4 


(119) 
29. Michaelis Augeli Ricci Exercitatio Geometrica. Romæ. in 470. Reprinted N. 37. p. 738. 
at London, and anner to Mercator's Logarithmotechnia. 

30 Renati Franc. Sluſii Meſolabum. Cui acceſſit pars altera de Analyſi, & N. 45, . 993. 
Miſcellanea. Leodii Eburonum 1668. in 40. 

t. Elementa Geometrie Plane. Authore Agidio Francilco de Gottignies N. 57. p.2054. 

Bruxellenf. $. J. Rome. 1669. in 12m0. 

22. Synopſis Geometrica z cum tribus Opuſculis, de Linea Sinuum & Cycloide 3 N. 67. p. 20559 
de Maximis & Minimis, Centuria; & Synopſis Geometric Plane. Auth. Honor. 


Fabry. F. J. Lugduni Galliarum 1669. in 12120. 


22. Lectiones 13. Geometricæ; in quibus (preſertim ) Generalia Linearum N. 75. f. 22600. 
Curvarum Symptomata declarantur, ab Iſaaco Barrow. Lond. 1669. in 4to. To 
theſe Lectures the Author here adds ſeveral Corollaries and Theorems. 

34. Eraſmi Bartholini Selefa Geometrica. Hauniæ. 1674. in 40. N. 106. 5. 137. 

. Elemens des Mathematiques, ou Principes Generaux de toutes les Sciences N. 126. P. 638- 
qui ont les Grandeurs pour Object. Par J. P. a Paris 1675. in 4to. 

36. Nouvelle Methode en Geometrie pour les Sections des Superficies Coniques & N. 129, 
Olindriques; qui ont pour Baſe des Circles, ou des Paraboles, des Ellipſes, & & des 
Hyperboliques 3 par Ph. de la Hire. i Paris 1673. in 440. | 

37. De Cycloide & Sectionibus Conicis. Ph. de la Hire. 8 LL 

28. The Geometrical Key, or Conſtruction of all Equations, Linear, OO 

uadratick, Cubick, and Biquadratick, by a Circle and one only Par abola ; ; 


f. 745. 


by Mr. Tho. Baker. 


39. Exercitatio Geometrica de Dimenſi one honing: Sk Davide Gregorio. N. 163. f. 730. 
Edinb. 1684. in 410. 
40. Methodus Figurarum Lineis Reftis & Curvis comprebenſarum Ouadratu- N. 183. 5. 185, 


ras determinandi, Auth. J. Craig. Lond. 1685. in 40. To this Tract the Au- Ibid. p. 186. 


thor here makes an Addition; and takes notice of ſome Remarks made on it N. 233. . 786, 


in the AR. Lip/. by M. Leibnitz, and M. J. Bernoulli. 


41. Tractatus Mathematicus de Tigurarum Curvilinearum Quadraturis & Locis N. 209. f. 113. 


Geometricis. Auth. J. Craig. Lond. 1693. in 40. 


42. Tractatus de Principiis Calculi 8 Auth. D. Bernoullio; where- N. 245. 374. 
in a Miſtake is here diſcovered and corrected, by Mr. Craig. 
43. Analyſis Geometrica, ſive nova & vera Methodus Reſolvendi, tam Proble- 1 N. 257. P. 351, 
mata Geometrica, quam Arithmeticas Quæſtiones. Pars prima, de Planis. Auth. 


D. Antonio Hugone de Omerique $anlucaren/e. 


Stereometrical Propoſitions, variouſly applicable, but particularly in- N. 39. p. 783. 


tended for Gauging, by Rob. Anderſon. Lond. 1668. in 800. 


45. Gauging promoted; being an Appendix to Stereometrical Propoſitions; N. 47. f. 960. 
by Rob. Anderſon. Lond. 1669. in 8vo. 

46. Gauging Epitomized; by Mich. Dary. Lond. 16 99. upon one Folio Page. . e 

47. Tabula Numerorum Ouatratorun decies Millium, una cum ipſorum Late- © © e. 
ribus ab Unitate incipientibus, & Ordiue Naturali uſque ad 10000 progredientibus, 
Lond. 1672. 

48. The Deſcription and Uſe of two Arichnietick laltruments Se. by N. 94. f. 6048, 

Sir Sam. Moreland. Lond. 1673. 


6 49. Johannis 
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N. 139. 7. 98. 49. Johannis Walliſii 8. T. D. Exercitationes tres. 1. De Cometarum Diſtan- 


tiis inveſtigandis. 2. De Rationum & Fractionum Reductione. 3. De Periodo 
Juliano. Lond. 1678. 


N. 38. p. 753. fo Logarithmotechnia Nicholai Mercatoris. Lond. 1668. in Quarto. This 
i Ibid. b 756. 


Author's Method of ſquaring the Hyperbola, and of finding the Sum of the 


Ibid. 7. 729. Logarithms is here improved by Dr. Wallis; and further Explicated by the 
Author himſelf. | | 
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Trigonometry, Surveying. 


OP 1. Prob. T HF Diſtances of three Objects in the ſame Plane being given, 4. 
poſed by lg Le. A, B, C; the Angles made at a fourth Place in the ſame Plane, 
T * as at &, are obſerved: the Diſtances from the Place of Obſervation to the re- 
YA pr Col [peflive Objects are required. N 
Iins. N. 69. p, | | 
„ | The Problem hath ſix Caſes. 1 =_ 
„ ASE 1. If the Stationbe taken without the Triangle made by the Ob. 
6 jects, but in one of the Sides thereof produced, as at S: find the Angle E. 
ACB; then in the Triangle A CS, all the Angles and the Side A C 
are known; whence either or both the Diſtances S A, or S C, may be found. 
Eg. 58, Caſe 2. It the Station be in one of the Sides of the 'Triangle, as at S: 
4s then having the three Sides, AC, CB, BA, given, find the Angle CAB; 
then again in the Triangle S A B all the Angles, and the Side AB, are 
known; whence may be found either AS, or SB, Geometrically z if von 
make the Angle CAD equal to the obſerved Angle CS B, and draw BS 
parallel to D A, you determine the Point of Station S. 2 1 
ds. a6 Caſe 3. If the three Objects lie in a right Line as ACD (ſuppoſe it done), 
| and that a Circle paſſeth through the Station S, and the two Exterior Objects 
A, B: then is the Angle ABD equal to the obſerved Angle ASC 1. K.) 
as inſiſting on the ſame Arch AD; and the Angle BAD in hke manner 
equal to the obſerved Angle CS B: By this means the point D is determined. 
Jon DC, and produce the ſame, then a Circle paſſing through the Points 
A, B, D, interſects D C produced, at 8, the place of Station. 
Calculation | In the Triangle AB D, all the Angles and the Side AB, are 
known, whence may be found the Side AD. TY _ = 
Then in the Triangle CAD, the two Sides CA, and AD, are known, 
and their contained Angle CAD is known; whence may be found the An- 
gles CDA, and ACD, the Complement whereof to a Semicircle is the An- 
gle SCA: in which Triangle the Angles are now all known, and the Side 
AC: whence may be found either of the Diſtances SC, or SA. 


* 2 
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Caſe 4. If the Station be without the Triangle made by the Objects, the 
Sum of the Angles obſerved is leſs than four Right Angles. The Construction 
is the ſame as in the laſt Caſe, and the Calculation likewiſe z ſaving that you 
muſt make one Operation more; having the three Sides A C, CB, BA, there- 

by find the Angle CAB, which add to the Angle EAD, then you have the 
two Sides, viz. A C, being one of the Diſtances, and AD, ( fouud as in the 
former Caſe) with their contained Angle CAD, given, to find the Angles 
CDA, and ACD, the Complement whereof to a Semicircle is the Angle 
SCA: Now in the Triangle SCA, the Angle at C being found, and at 8 
obſerved, and given by Suppoſition, the other at A is likewiſe known, as be- 
ing the Complement of the two former to a Semicircle, and the Side AC 
given; hence the Diſtances CS, or AS, may be found. EA 

Caſe 7. If the Place of Station be at ſome Point within the Plane of the 
Triangle, made by the three Objects, the Conſtruction and Calculation are the 
ſame as in the laſt, ſaving only that inſtead of the obſerved Angle A SC, the 


Angle ABD is equal to the Complement thereof to a Semicircle, to wit, it 
is equal to the Angle ASD; both of them inſiſting on the ſame Arch AD: 


And in like manner the Angle BAD is equal to the Angle DSB, which is 
the Complement of the obſerved CS B; and in this Caſe the Sum of the 


* three Angles obſerved, is equal to four Right Angles. 


» o 


In thele three latter Caſes no uſe is made of the Angle obſerved between the 
two Objects, as A and B, that are made the Baſe-line of the Conſtruction; yet 
the ſame is of ready uſe for finding the third Diſtance or laſt Side ſought ; as 
in the Triangle S AB, there is given the Diſtance A B, its oppoſite Angle equal 
to the Sum of the two obſerved Angles, and the Angle S A B attained, as in 
the fourth Ca/e: Hence the third Side, or laſt Diſtance 8B, may be found. 


And here it may be noted, that the three Angles CAS, AS B, SBC, are 


together equal to the Angle AGB ; for the two Angles CSB and CBS 
are equal to E CB, as being the Complement of SCB to two Right Angles; 
and the like in the Triangle on the other Side. Ergo, &c. 


0 


Caſe 6. If the three Objects be A, B, C, and the Station at 8, as before, 


it may happen, according to the former Conſtructions, that the Points C and 
D may fall cloſe together, and ſo a right Line joining them, ſhall be produ- 
ced with Uncertainty; in ſuch Caſe the Circle may be conceived to pals 
through the Place of Station at 8, and any two of the Objects, as through 
B and C; wherein making the Angle DBC equal to the obſerved Angle 
ASC, and BCD equal to the Complement to 180 deg. of both the obſer- 


ved Angles in DSB; thereby the Point D is determined, through which, 


and the Points C, B, the Circle is to be deſcribed ; and joining DA, (pro- 
duced when need requireth) where it interſe&s the Circle, as at 8, is the 
Place of Station ſought. 


This Problem may be of good uſe for the due Situation of Sands and Rocks, 


Fiz, 60, 


Fig · 61. 


Fig. Co. 


Fig. 62. 


that are within ſight of three Places upon Land, whoſe Diſtances are well 


known; or for Chorographical Uſes, &c. eſpecially now there is a Method of 


obſerving Angles nicely accurate by the Aid of a Teleſcope. 


Vor. I. 8 R | II. The 


>. 
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Hirte Chorogra>* II. The three following Problems may occur at Sea, in finding the Di- 


hic Problems 


. ſolved by a Mem- 
ber of the Phi- 


loſophi al S- 


c ety at Oxford 


ſtance and Poſition of Rocks, Sands, c. from the Shore; or in Surveyin 
the Sea - Coaſt; when only two Objects, whoſe Diſtance from each other is 
known, can be ſeen at one Station: But eſpecially they may be uſeful to 


N. 157. p. 1231. one, that would make a Map of a Country by a Series of Triangles derived 


Dec. An. 1685. 
the Bearing and Diſtance of Places from each other, and thence their true 


Fig. 63, 


from one or more meaſured Baſes z which is the molt exact Way of finding 


Longitude and Latitude; and may conſequently occur to one that would in 
that Matter meaſure a Degree on the Earth. 


Prob. 1.] There are two Objects B and C, whoſe Diſtance BC is known ; and 
there are two Stations at A and E, where the Objetts B, C, being viſible, and the 


Stations one from another, the Angles BAC, BAE, AEB, AEC, are known 


Fig. 64. 


the Legs «8, «ay, we may find E. Then 47: BC: Ba: BA: 64: BE 


Fig. 65. 


by Obſervation, (which may be made with an ordinary Surveying Semicircle, 


or Croſ5-Staff; or if the Objects are beyond the View of the naked Eye, with a 
Teleſcopic Puadrant ,) To find the Diſtances or Lines AB, AC, AE, EC. 


Conſtruction.] In each of the Triangles, B AE, CAE, two Angles at A, E, 
being known, the third is alſo known; then take any Eine as at pleaſure, on 
which conſtitute the Triangles, ge, asy, reſpectively equiangular to the 


Triangles B AE, AEC; join g: Then upon BC conſtitute the Triangles 


BCA, BCE, equiangular to the correſpondent Triangles g a, &ys, join 


AE, and the thing is manifeſtly done. 
The Calculation.\ Aſſuming «s, of any Number of Parts, in the Triangles 
« fs, a ys, the Angles being given, the Sides a8, ay, £8, 7, may be found 


by 'Trigonometry : Then in the Triangle 6 , having the Angle g , and 
:: 74: CA:: ye: CE. 


Prob. 2.] 7! hee Objects B, C, D, are given, or ( which is the ſame) the Sides 


and conſequent Angles of the Triangle BCD are given; alſo there are two 
Points or Stations A, K, ſuch that at A may be ſeen the three Points B,C, E, but 


not D, and at the Station E, may be ſeen A, C, D, but not B; that is, the An- 


gles BAC, B AE, AEC, AED, (and conſequently EAC, AEC) are known 


_ by Obſervation: To find the Lines AB, AC, AE, EC, ED. 


Fig, 66, 


Conſtruction.] Take any Line as at pleaſure, and at its Extremities make 
the Angles eay, e g, aty, ad, equal to the correfpondent obſerved Angles 


E AC, EAB, AEC, AED. Produce 64, Je, till they meet in g; join 


ey: then upon CB deſcribe (according to 33. 3. E.) a Segment of a Circle, 


that may contain an Angle = 88; and upon CD deſcribe a Segment of a 


Circle capable of an Angle = yo: Suppoſe F the common Section of theſe - 
2 Ciroles; join FB, FC, FD; then from the point C, draw for the Lines 
CA, CE, ſo that the Angle FCA may be = gya, and FCE =gye: ſo 


A, E, the common Sections of CA, CE, with FB, FD, will be the Points 


required, from whence the reſt is eaſily deduced, 


Calcul..t ion. | 
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Calculation. Aſſuming es of any Number, in the Triangles ay, 42, 64, 
all the Angles being given, with the Side ae aſſum'd, the Sides ay, 6 29, e 


will be known; then in the Triangle 5, the Angle yag, with the Legs 


ay, 4e, being known, the Angles agy, ae, with the Side gy, will be 


known: Then as for the reſt of the Work, the Triangle BCD having all 


its Sides and Angles known, and the Angles BFC, BH D, being equal to the 
found ge, od; how to find FB, FC, FD, by Calculation (and alſo 
Protraction) has been already ſhewn above by Mr. Collins, as to all its Caſes. 

But it muſt here be noted, that if the Jum of the obſerved Angles B AE, 
AED, is 180 deg then AB, and ED, cannot meet, becauſe they arc pa- 
rallel, and conſequently the given Solution cannot take place; for which 


Reaſon J here ſubjoin another. 


Another Holution.] Upon B C deſcribe a Segment BAC, of aCircle, fo that 


the Angle of the Segment may be equal to the obſerved Angle ga y, (which 
is ſhewn 33. 3. E.) and upon CD delcribe a Segment CED, of a Circle, ca- 


pable of an Angle equal to the obſerved CE D; from C draw the Diameters 


of theſe Circles CG, CH ; then upon CG deſcribe a Segment of a Circle 


GF C, capable of an Angle equal to the obſerved Angle AB C; likewiſe upon 
CH, deſcribe a Circle's Segment CFA, capable of an Angle equal to the 


obſerved Angle CAE: ſuppoſe F the common Section of the two laſt Cir- 
cles HFC, GF C; join FH, cutting the Circle HE C in E; join alſo FG, 


cutting the Circle G AC in A: I ſay, that A, E, are the Points required. 
Demonſtration.] For the Angle BAC is = þey, by Conſtruction of the 

Segment; alſo the Angles CE H, CA G, are right, becauſe each exiſts in a 

Semicirc|e: Therefore a Circle being deſcribed upon CF, as a Diameter, will 


paſs thro' E, A; therefore the Angle CAE = CFE = CE H = (by Con- 
Hruction) to the obſerved Angle 5. In like manner the Angle CEA 


CFA = CFG = obſerv'd Angle 5. 
If the Stations A, E, fall in a right Line with the Point C; the Lines 
GA, HE, being parallel, cannot meet; but in this Caſe the Problem is in- 


determinate, and capable of infinite Solutions. For, as before, upon CG, 


Se r. ls 


Fig. 67. 


deſcribe a Segment of a Circle capable of the obſerved Angle yea, and 


upon CH, deſcribe a Segment capable of the obſerved Angle yes: then 
through C draw a Line any way, cutting the Circles in A, E, theſe Points 


| will anſwer the Queſtion. 


Problem 3.] Four Points, B, C, D, F, or the four Sides of a Quadrilateral, 


with the Angles comprehended, are given; alſo there are two Stations A and E, 
ſuch, that at A, only B, C, E, are viſible, and at E, only A, D, J; that is, the An- 


gles B AC, BAE, AED, DEF, are given: To find the Places of the two Points 
A, E; and conſequently the Lengths of the Lines AB, A C AE, ED, E F. 


Conſtruction.] Upon BC (by 33. 3. E.) deſcribe a Segment of a Circle, that 
may contain an Angle equal to the obſerved Angle BAC; then from C draw 
the Chord C M, or a Line cutting the Circle in M, ſo that the Angle BCM, 
may be equal to the Supplement of the obſerved Angle B AE, i. e. its Reſidue 


to 


R 2 


a Fig. 68. ? 
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to 180 deg, In like manner on D F deſcribe a Segment of a Circle, capa- 


ble of an Angle equal to the obſerved DEF; and from D draw the Chord 
D N, ſo that the Angle FN may be equal to the Supplement of the ob- 


ſerved Angle AEF; join MN, cutting the two Circles in A, E: I fay, 
A, E, are the two Points required. | 


Demonſtration.) Join AB, AC, ED, EF; then is the Angle MAB = 


BCM, (by 21. 3..E.) = Supplement of the obſerved Angle BA E, by Con- 


ftruftion; therefore the conſtructed Angle B AE, is equal to that which was 


_ obſery'd. Alſo the Angle BAC, of the Segment, is, by Conſtruction. of 
the Segment, equal to the obleryed Angle BAC. In like manner the con- 
ſtructed Angles AEF, DEF, are equal to the Correſpondent obſerved 
Angles AEF, and DEF, therefore A, E, are the Points required, 


Calculation. ] In the Triangle BCM, the Angle BCM, (= Supplement 
of BAE) and Angle BMC, (= BAC) are given, with the Side BC; 
thence MC may be found in like manner DN, in the Triangle DNF, 


may be found. But the Angle MCD (= BCD — BCM) is known, 
with its Legs MC, CD); therefore its Baſe MD, and Angle MDC, may be 
known. Therefore the Angle MD N (CDF — CDM — EDN) is 
known, with its Legs MD, DN; thence MN, with the Angles DMN, 
.DNM, will be known. Then the Angle CMA (= DMC + DMN) 
is known, with the Angle MAC (= MAB + BAC) and MC, before 


found; therefore MA, and AC, will be known. In like manner in the 
Triangle E DN, the Angles E, N, with the Side D N, being known, the 


Sides EN, ED, will be known; therefore AE (= MN — MA — EN) 
is known. Alſo in the Triangle ABC, the Angle A, with its Sides BC, 
CA, being known, the Side AB will be known, with the Angle BCA; 


ſo in the Triangle EF D, the Angle E, with the Sides ED, DF, bein 


known, EF will be found, with the Angle ED F. Laſtly, in the Trian 4 | 


A CD, the Angle AC D (= BCD — BCA) with its Legs AC, CD. 


being known, the Side AD will be known; and in like manner EC, in | 


the Triangle EDC. | 


Mute, That in this Problem, as alſo in the firſt and ſecond, if the two Sta- 


tions fall in a right Line with either of the given Objects, the Locus of A 
or E being a Circle, the particular Point of A or E cannot be determined 


from the Things given. 


As to the other Caſes of this third Problem, wherein A and E may ſhift 


Places, i. e. only D, F, E, may be viſible at A, and only A, B, C, at E; or 


wherein B, D, E, may be viſible at A, and only C, F, A, at E; or wherein 


A may be on one ſide of the Quadrilateral, and E on the other; or one of 


the Stations. within the Quadrilateral, and the other without it; I preſume 
that the Surveyor will eaſily direct himſelf, by what has been already ſaid. 


The Solution of this third Problem is general, and ſerves alſo for both the 


precedent. For ſuppoſe C, D, the ſame Point in the laſt Figure, and it 


gives the Solution of the ſecond Problem; but if B, C, be ſuppoſed the ſame 
Points with D, F, b 


it Fre y proceeding as in the laſt, you may directly ſolve the 
ſt Problem. © = 2 


III. The 
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to the Eaſtward, and fomerimes to the Weſtward. 


of A, and the other in Poſſeſſion of B, taken by the Down Survey, Ann). 


(125). 

III. The Variation of the magnetick Needle is ſo commonly known, that An Error of 
need not inſiſt much on the Explication theredf; 'tis certain that the true ,," "pic AY 
ſolar Meridian, and the Meridian ſhewn by a Needle, agree but in very few ande taken at 
Places of the World; and this too, but for a little Time (if a Moment) . T. 
together; the Difference between the true Meridian and magnetick Meridian maguetick Nee- 

8 aryvipg: ing 1 1. x neri ale, de monſtra- 
poxperually varying and changing in all Places, and at all Times; ſometimes , * 5 7 5 


| ON b : William Moly— 
On which Account tis impoſſible to compare two Surveys of the ſame Place, neux. N. 2 30. 


taken at diſtant Times, by magnetick Inſtruments (ſuch as the Circumferentor, Futy An, 1697. 
by which the Down Survey, or Sir William Petty's Survey of Ireland was taken) | 
without due Allowance be made for this Variation. To which purpoſe, we 


_ ought to know the Difference between the magnetick Meridian and true Me- 
ridian, at that time of the Doun Survey, and the ſaid Difference at the Time 


when we make a New Survey to compare with the Down Survey. 

But here I would not be underſtood, as if I propoſed hereby to ſhew, that 
Map of the ſame Place, taken by magnetick Inſtruments at never fo diſtant 
Fimes, ſhould not at one Time give the tame Figure and Contents as at another 


* 


Time. This certainly it will do molt exactly, the Variation of the Needle 
having nothing to do either in the Shape or Contents of the Survey. All that is 
affected thereby, is the Bearings of the Lines run by the Chain, and the Boun- 


daries between Neighbours. And how this may cauſe a conſiderable Error 

(unleſs due Allowance be made for it) is what I ſhall prove moſt fully. 
In order to which, let us ſup poſe that about the Year 1657 (at which time 

the Down Survey was taken) the magnetick Meridian and true Meridian did 

agree at Dublin, or pretty nigh all over Ireland; that is to ſay, that there was 

no Variation. And indeed by Experiment it was at that time found, as I 


am well aſſured, that at Dublin it was hardly half a Degree. 


Let us ſuppoſe, that in the Year 1695 the Variation was 7 Degrees from 


the North to the Weſtward: That it was really fo, I believe I am pretty 


well aſſured, from an Experiment made by my ſelf with all Diligence. But 

this is not material; let us now only ſuppole it. . 
Let A, B, repreſent the Survey of two Town Lands, one in the Poſſeſſion Fg. 69. 

1657, when there was no Variation. N 

Let the Line NS, running through the Point P, be the true Meridian, and 

conſequently the magnetick Meridian alſo at that Time, becauſe of the ſup- 

poſed no Variation; and let this Line) N S, be alſo the Boundary between 


the two Town Lands A, and B. . | 


In the Year 1695, when the Variation is 7 Degrees from the North to the 
Weſtward, B having a Map of the Down Survey, and being ſuſpicious that his 
Neighbour A had encroached on him by a Ditch PQ, employs a Surveyor to 
enquire into the Matter: The Surveyor finds by his Map, that the Boundary 
between B and his Neighbour A, run from the Point P, through a Meadow 
directly according to the magnetick Meridian SP N.; but obſerying the Ditch 


PQ caſt up much to the Eaſtward of the preſent magnetick Meridian, he- 
concludes that A has encroached upon, B, and that the Ditch ought to have 


bcen. 


[22D )} 
been caſt up along the Line Pg, the Angle QP? being an Angle of 7 deg. 


that is, the preſent Variation of the Needle, and the Line Pg, the preſent . 


magnetick Meridian; for which Variation not making any Allowance, he po- 


ſitively determines that B has all the Land in the Triangle QP g, more than 


he ought to have; and that his Ditch ought to run along the Line Pg. 

"Tis true indeed, if the Surveyor go the whole Surround of the Land A, 
and B, he will find their Figure and Contents exactly agteeable to the Map 
here expreſſed. But then the Bearings of the Lines are all 7 deg. different 


from the Bearings in the Map, and they will run in and out upon the adjacent 
neighbouring Lands, and cauſe endleſs Differences between their Poſſeſſors; 
as is manifeſt from the Figure: W herein the prick'd Lines repreſent the Diſ- 


agreement in the Bearings of the Lines, protracted from the point P; and we 
ſee A encroaching upon his Neighbours on the Weſtward, as he encroaches 
upon B, and B's Eaſtward Neighbours encroaching on him, and fo forward and 


clear round. Whereas by a due Allowance for the Variation of the Needle, 


all this Confuſion and Diſagreement is avoided, and every thing hits right. 
Thus, for Inſtance, in the Caſe before ns, knowing that the magnetick 
Variation has cauſed the preſent magnetick Meridian to fall in the Line ag Pg, 


7 deg. from the North to the Weltward; to reduce this to the magnetick 


Meridian at the Time of the Down Survey, I muſt make the Meridian of my 


Map to fall 7 deg. to the Eaſtward of my magnetick Meridian; as we ſee 


the Line PQ falls 7 deg. to the Eaſtward of the Line Pg. 


What is here ſaid on Suppoſition that the Magnet had no Variation at the 
Time of the firſt Survey taken, and that it had 7 deg. Variation Weſtward 
at the Time of the ſecond Survey, may eaſily be accommodated to the Sup- 


poſal of any other Variations at the firſt and ſecond Surveys, Mutatis Mutan- 
dis; for knowing the Variations we know their Difference; and if we know 


their Difference, this gives us the Angle QP q, by which we reduce them to 


each other. The beit Way therefore to make Maps invariable, conſtant 
and everlaſting, were for the Surveyors, who uſe magnetick Inſtruments, to 
make always Allowance for the magnetick Variation, and to protract and lay 
down Plats by the true Meridian. ; £3 


Perhaps it may be objected, That Surveys may be taken without magnetick 


' Inſtruments, and that therefore this Error ariſing from the magnetick Variation, 


and Change of the Bearing of Lines, may beavoided. To which I anſwer, Firſt, 
Thar granting a Survey may betaken without magnetick Inſtruments, this is 


nothing againſt what we have laid down, relating to Surveys that are taken with 
magnetick Inſtruments, as the Down Survey actually was, and moſt Surveys at 


preſent actually are taken therewith. Secondly, Tho” a Survey may be taken 


truly without magnetick Inſtruments, ſo as to ſhew the exact Angles and 
Lines of the Plat, and conſequently the true Contents; yet this will not give 


the true Bearings of the Lines, or ſhew my Poſition in relation to my Neighbours, 


or other Parts of the Country. This muſt be ſupplied by the Magnet, or ſome- 


thing equivalent thereto, as finding a true meridian Line on your Land by 
celeſtial Obſervation. And I doubt not bur the ancient Agyptians, before the 


Diſcovery of the Magnet, were forced to ſome ſuch Expedient in their Surveys 
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and Applotments of Lands, between Neighbour and Neighbour, after the 
[wndations of the Nile; which, we are told, gave the fir{t Original to Ge- 
metry and Surveying : Abſolute Neceſſity and Ule having introduced theſe, 
as Delight and Diverſion introduced Afronomy amonglt the Chaldeans. OE 
And this brings me to another Objection, which may be made againſt the 4 
In(tance before laid down: It may be ſaid, That certainly the Surveyor which 
B employed was very ignorant, who would chuſe to judge of the Line P 
rather by its Bearing, than by determining the Point Q by meaſuring from 
H and G. To this I anſwer, What it both the Points H and G were va- 
niſhed ſince the Down Survey was taken? What if the whole Face of the 
Country were changed, fave only the Point P, and the Line PQ?. How 
ſhall the Surveyor then judge of the Line PQ, but by its Bearing? That 
this is no extravagant Suppoſition, we have an Example in Agypt above- 
mentioned, where the Nile lays all flat before it, and fo uniformly covers all 
with Mud, that thete is no Diſtinction. In ſuch a Caſe your Bearing muſt 
cCertaĩmly help you out; there is no other Way, | 
But I anſwer, ſecondly, To ſay that the Surveyor might have determined 


the Point Q by Admeaſurement from. G and H, or any other adjoining no- 
ted Points, as from F, K, I, Sc. tis very true; but then 'tis againſt our 
Seppoſition. I am upon ſhewing an Error that ariſes from judging of the 
Line PQ by magnetic Bearing; and to tell me that this might be avoided - 


V. An Account 
* Mariotte. 


buy another Way, is to ſay nothing. I my ſelf ſhew how it may be avoided, 
i by allowing for the Variation; but ſtill it is an Error till it be avoided. 
But, thirdly, If B's Surveyor do not allow for the Variation of the Needle, 
he will never exactly determine even the Points G, F, , K, Oc. or any other 
Points in the Plat; but inſtead thereof, will fall on the Points g, %, f,k. 
From what has been laid down, we may ſee the abſolute Neceſſity of al. 
lowing for the Variation of the Magnet, in comparing old Surveys with new 
ones; for want of which, great Diſputes may ariſe between neighbouring 
Proprietors of Lands: And it were to be wiſhed, that our honourable and 
learned Judges would take this Matter into their Conſideration, whenever 
any Buſinefs of this Kind comes before them. Es 


* 


IV. I have invented a Level with a Tube, with Glaſſes and-a Thread, Ae Lene; 
hanging between four Points, with a Weight in a Box ſo contrived, that g N 
as ſoon as the Inſtrument is ſer down, you have your Point of Horizon with . 1 . 


1026. 


a great deal of Exactneſs. I am making another, which playeth on one ſteel Sept. An. 1678. 
Point, ſtanding on a Diamond. 777 i. 4 


Ya * 


of a Book omitted viz, The Art of Levelling; by M. N. 7a. 7. 2517. 
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. III. 
BEERS 


4 iv Theory I: N the Year 1666. (at which time I applied my ſelf to the Grinding of 
Nb _ Oprick Glaſſes of other Figures than Spherical) I procured me a Trian- 


Iſaac Newton. gular Glaſs-Priſm, to try therewith the celebrated Phænomena of Colours. And 
. 2:80. p- 307 5- in order thereto, having darkned my Chamber, and made a ſmall Hole in my 
ä Window-ſhuts, to let in a convenient Quantity of the Sun's Light, I placed 
my Priſm at its Entrance, that it might be thereby refracted to the oppoſite 
Wall. It was at firſt a very pleaſing Divertiſement, to view the vivid and 
intenſe Colours produced thereby; but after a while applying my ſelf to con- 
ſider them more circumſpectly, I became ſurpriſed to {ee them in an oblong 
Form; which, according to the receiv'd Laws of Refractions, I expected ſhould 
have been circular. They were terminated at the Sides with ſtreight Lines, 
but at the Ends the Decay of Light was ſo gradual, that it was difficult to 
determine juſtly what was their Figure, yet they ſeemed Semicircular. _ 
Comparing the Length of this colour'd SpeFrum with its Breadth, I found 
it about five times greater; a Diſproportion ſo extravagant, that it excited me 
to a more than ordinary Curioſity of examining from whence it might proceed. 

I could ſcarce think, that the various Thickneſs of the Glaſs, or the Termi- 
nation with Shadow or Darkneſs, could have any Influence on Light to pro- 
duce ſuch an Effect; yet I thought it not amiſs, firſt to examine thoſe Cir- 
cumſtances, and ſo try'd what would happen by tranſmitting Light through 
Parts of the Glaſs of divers Fhickneſſes, or through Holes in the Window 

- of divers Bigneſſes, or by ſetting the Priſm without, ſo that the Light might 
. aſs through it, and be refracted, before it was terminated by the Hole: But 
1 found none of thoſe Circumſtances material. The Faſhion of the Colours 
was in all theſe Caſes the ſame. 7 85 3 
Then I ſuſpected, whether by any Unevenneſs in the Glaſs, or other contin- 
gent Irregularity, theſe Colours might be thus dilated. And to try this, I took 
another Priſm like the former, and fo placed it, that the Light paſling thro? 
them both, might be refracted contrary ways, and fo by the latter returned 
into that Courſe from which the former had diverted it: For by this Means I 
thought the regular Effects of the firſt Priſm would be deſtroyed by the ſe- 
cond Priſm, but the irregular Ones more augmented, by the Multiplicity of 
Refractions. The Event was, that the Light, which by the firſt Priſm was 


5 diffuſed into an oblong Form, was by the ſecond reduced into an orbicular 
— One, with as much Regularity as when it did not at all paſs through them. 
N. 83. 5. 4061. That this Experiment may be better apprehended; let E G deſign the Window; 


— F, the Hole in it, thro' which the Light arrives at the Priſms; ABC, the firſt 
#8-7% , Priſm, which refracts the Light towards P T, painting there the Colour in an 


"1m 


. „„ 
and « 8y, the ſecond Priſn, which refracts back again the Rays to Q, where 
the long Image PT is. contracted into a Round one. I ſuppoſe the Plane 
ay parallel to BC, and fy to AC, that the Rays may be equally refrafted 
"contrary ways in both Priims. The Priſms alſo muſt be placed very near to 
one another; for if their Diſtance be ſo great, that the Colours begin to appear 
in the Light, before its Incidence on the ſecond Priſm, thoſe Colours will not 
be deſtroyed by the contrary Refractions of that Priſm. And if a Lens be placed 
in the Hole F, or immediately after the Priſms, fo that its Focus be at the 
Image Q, or PIT, the Perimeter of the Image Q, and the ſtraight Sides of 
the Image PT, will become much better defined than otherwiſe. So that, TP 
whatever was the Cauſe of that Length, 'twas not any Contingent Irre- g"%t: 1% 
gularity. 5 N 5 
« I Th proceeded to examine more critically, what might be effected by the 
Difference of the Incidence of Rays coming from divers Parts of the Sun 
and to that end, meaſured the ſeveral Lines and Angles belonging to the I- 
mage. Its Diſtance from the Hole or Priſm was 22 Foot; its utmoſt Length 
131 Inches; its Breadth 2 ;; the Diameter of the Hole; of an Inch. The 
Angle which the Rays, tending towards the middle of the Image, made with 
thoſe Lines, in which they would have proceeded without Refraction, was 
44 deg. 56 min. and the Vertical Angle of the Priſm, 63 deg. 12 min. 
Alſo the Refractions on both ſides the Priſm, that, is, of the Incident and 
— Emergent Rays, were, as near as „ could make them, equal, and conſe- 
quently about 54 deg. 4 min. And the Rays fell perpendicularly upon the 
Wall. Now ſubducting the Diameter of the Hole from the Length and 
Breadth of the Image, there remains 13 Inches in the Length, and 2 yg the 
Breadth, comprehended by thoſe Rays, which paſſed through the Center of 
> the ſaid Hole; and conſequently the Angle of the Hole, which that Breadth | 
ſubtended, was about 31 min. anſwerable to the Sun's Diameter; but the . 
Angle which its Length ſubtended, was more than 5 ſuch Diameters, name- 
ly 2 deg. 49 min. | 5 5 2 
Having made theſe Obſervations, I firſt computed from them the refractive 
Power of that Glaſs, and found it meaſured by the Ratio of the Sines, 20 to 
= 31; and then by that Ratio I computed the Refractions of two Rays flowing 
from oppoſite Parts of the Sun's Diſcus, ſo as to differ 31 min. in their Obli- Es 
quity of Incidence, and found that the emergent Rays ſhould have compre- 
hhended an Angle of about 31 min. as they did before they were incident. 
b But becauſe this Computation was founded on the Hypotheſis of the Pro- 
portionality of the Sines of Incidence and Refraction, which though by my 
don Experience | could not imagine to be fo erroneous, as to make that An- 
= gle but 31 min. which in reality was 2 deg. 49 min. yet my Curioſity cauſed 
mee again to take my Priſm : And having placed it at my Window, as before, . | 
I obſerved, that by turning it a little about its Axis to and fro, fo as to vary t 
its Obliquity to the Light, more than an Angle of 4 or 5 degrees, the Co- „ 
lours were not thereby ſenſibly tranſlated from their Place on the Wall; and _ 
conſequently by that Variation of Incidence, the Quantity of Refraction was l 
not ſenſibly varied. By this Experiment therefore, as well as by the former | 
er. I. 5 | . 1 on. 


* 
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Computation, it was evident, that the Difference of the Incidence of Ra 3, 
flowing from divers Parts of the Sun, could not make them after Decuſſa- 
tion diverge at a ſenſibly greater Angle, than that at which they before 


converged; which being, at moſt, but about 31 or 32 min. there ſtill re- 
mained ſome other Cauſe to be found out, from whence it could be 2 deg. 

min. 3 5 
ier I began to ſuſpect, whether the Rays, after their Trajection through 


the Priſm, did not move in curve Lines, and according to their more or leſs 


Curvity tend to divers Parts of the Wall. And it increaſed my Suſpicion, 
when I remember'd that I had often ſeen a Tennis-Ball ſtruck with an 
en, . Racket, deſcribe ſuch a curve Line. For, a circular as well as a pro- 


greſſive Motion being communicated to it by that Stroke, its Parts on that 


Side, where the Motions conſpire, muſt preſs and beat the contiguous Air 


more violently than on the other, and there excite a Reluctancy and Re- action 
of the Air proportionably greater. And for the ſame Reaſon, if the Rays of 


Light ſhould poſſibly be globular Bodies, and by their oblique Paſſage out of 
one Medium into another acquire a circulating Motion, they ought to feel 
the greater Reſiſtance from the ambient Æther on that Side where the 
Motions conſpire, and thence be continually bowed to the other. But not- 
withſtanding this plauſible Ground 'of Suſpicion, when I came to examine 


it, I could obſerve no ſuch Curvity in them. And beſides (which was e- 


#bid, p. 3081. 


nough for my purpoſe) I obſerved, that the Difference betwixt the Length 
of the Image, and the Diameter of the Hole through which the Light was 
tranſmitted, was proportionable to their Diſtance. | an, 


The gradual Removal of theſe Suſpicions at length led me to the Expe- 


rimentum Crucis, which was this; I took two Boards, and placed one of them 
cloſe behind the Priſm at the Window, ſo that the Light might paſs through a 
ſmall Hole, made in it for the purpoſe, and fall on the other Board, which I 
placed at about 12 Feet diſtance, having firſt made a ſmall Hole in it alſo for 
{ome of that incident Light to paſs through. Then I placed another Priſm 
behind this ſecond Board, fo that the Light trajected through both the Boards 
might paſs through that alſo, and be again refracted before it arrived at the 


Wall. This done, I took the firſt Priſm in my Hand, and turned it to and 


fro ſlowly about its Axis, ſo much as to make the ſeveral Parts of the Image, 
caſt on the ſecond Board, ſucceſſively paſs through the Hole in it, thar I 


might obſerve to what Places on the Wall the ſecond Priſm would refract 
them. And I ſaw by the Variation of thoſe Places, that the Light, tending - 
to that End of the Image towards which the Refraction of the firſt Priſm 


was made, did in the ſecond Priſm ſuffer a Refraction conſiderably greater than 
the Light tending to the other End. And fo the true Cauſe of the Length 
of that Image was detected to be no other, than that Light is not ſimilar or 
homogeneal, but conſiſts of difform Rays, ſome of which are more refrangible 
than others; ſo that without any Difference in their Incidence on the ſame 
Medium, ſome ſliall be more refracted than others; and therefore that, ac- 
cording to their particular Degrees of Refrangibility, they were tranſmitted 
through the Priſm to divers Parts of the oppoſite Wall. | 


I ſhall 
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I ſhall now proceed to acquaint you with another more notable Difformity 
in irs Rays, wherein the Origin of Colours is unfolded : Concerning which 
I ſhall lay down the Doctrine firſt; and then, for its Examination, give you 
an Inſtance or two of the Experiments, as a Specimen of the reſt. 

The Doctrine you will find comprehended and illuſtrated in the follow- 
ing Propoſitions. 8 : ” 

1. As the Rays of Light differ in Degrees of Refrangibility, ſo they alſo 
differ in their Diſpoſition to exhibit this or that particular Colour. Colours 
are not Qualifications of Light, derived from Refractions, or Reflections of 
natural Bodies (as 'tis generally believed) but original and connare Properties, 
which in divers Rays are divers. Some Rays are diſpoſed to exhibit a Red 
Colour, and no other; ſome a Yellow, and no other; ſome a Green, and no 
other; and ſo of the reſt. Nor are there only Rays proper and particular to 
the more eminent Colours, but even to all their intermediate Gradations. 

2. To the ſame Degree of Refrangibility ever belongs the ſame Colour, 
and to the ſame Colour ever belongs the ſame Degree of Refrangibility. The 
leaſt refrangible Rays are all diſpoſed to exhibit a Red Colour; and contrari- 
ly, thoſe Rays which are diſpoſed to exhibit a Red Colour, are all the leaſt 
refrangible: So the molt refrangible Rays are all diſpoſed to exhibit a dee 
Violet Colour; and contrarily, thoſe which are apt to exhibit ſuch a Violet 
Colour, are all the moſt refrangible: And ſo to all the intermediate Colours 

in a continued Series belong intermediate Degrees of Refrangibility. And 
this Analogy betwixt Colours and Refrangibility is very preciſe and ftrict5 
the Rays always either exactly agreeing in both, or proportionally diſagree- 
ing in both. , 5 | 

3. The Species of Colour, and Degree of Refrangibility proper to any 
particular Sort of Rays, is not mutable by Refraction, nor by Reflection from 
natural Bodies, nor by any other Cauſe that I could yet obſerve. When an 
one Sort of Rays hath been well parted from thoſe of other Kinds, it hath 

afterwards obſtinately retained its Colour, notwithſtanding my utmoſt Endea- 
vours to change it. I have refracted it with Priſms, and reflected it with 
Bodies, which in Day-light were of other Colours; I have intercepted it 
with the coloured Film of Air, interceding two compreſſed Plates of Glals, 
tranſmitted it through coloured Mediums, and through Mediums irradiated 
with other Sorts of Rays, and diverſly terminated it; and yet could never 
Ponce any new Colour out of it. It would by contracting or dilating 

ecome more brisk, or faint, and by the Loſs of many Rays, in ſome Caſes 
very obſcure and dark; but I could never ſee it changed in Specie. 

4. Yet ſeeming Tranſmurations of Colours may be made, where there is any 
Mixture of divers Sorts of Rays: For in ſuch Mixtures, the component Co- 
lours appear not; but, by their mutual allaying each other, conſtitute a mid- 

ling Colour. And therefore, if by Refraction, or any other of the aforeſaid 
Cauſes, the difform Rays, latent in ſuch a Mixture, be ſeparated, there ſhall 
emerge Colours different trom the Colour of the Compoſition. W hich Co- 
lours are not new generated, but only made apparent by being parted; for 


8 if 
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if they be again intirely mix'd and blended together, they will again compoſe 
that Colour, which they did before Separation. And for the ſame Reaſon, 
Tranſmutations made by the convening, of divers Colours are not real; for 
when the difform Rays are again ſevered, they will exhibit the very ſame 
Colours which they did before they enter'd the Compoſition ; as you ſee Blue 
and Yellow Powders, when finely mix'd, appear to the naked Eye, Green; 
and yet the Colours of the component Corpulcles are not thereby really 


tranſmuted, but only blended. For when viewed with a good Microſcope, 
they {till appear Blue and Yellow interſperſedly. 


5. There are therefore two forts of Colours, the one Original and Sim- | 


ple, the other compounded of theſe. The original or primary Colours are, 

Red, Yellow, Green, Blue, and a Violet-Purple, together with Orange, 
Indico, and an indefinite Variety of intermediate Gradations. Tu 

6. The ſame Colours in Specie with theſe primary Ones, may be alſo pro- 

duced by Compoſition. For a Mixture of Yellow and Blue makes Green ; 

of Red and Yellow makes Orange; of Orange and Vellowiſh Green makes 

| Yellow. And in general, if any two Colours be mix'd, which in the Series 


of thoſe generated by the Priſm are not too far diſtant one from another, 
they by their mutual Alloy compound that Colour, which in the ſaid Series 


appeareth in the Midway between them. But thoſe which are ſituated at too 
great a Diſtance, do not ſo. Orange and Indico produce not the intermediate 
Green, nor Scarlet and Green theantermediate Yellow. | 
F. But the moſt ſurprizing and wonderful Compoſition was that of W hite- 
nels. There is no one ſort of Rays which alone can exhibit this. *Tis ever 
compounded ; and to its Compoſition are requiſite all the aforeſaid primar 
Colours, mix'd in a due Proportion. I have often with Admiration beheld, 
that all the Colours of the Priſm being made to converge, and thereby to be 
again mix'd, as they were in the Light before it was incident upon the Priſm, 
reproduced Light, entirely and perfectly White, and not at all ſenſibly differ- 
ing from a direct Light of the Sun, unleſs when the Glaſſes I uſed were not 
ſufficiently clear; for then they would a little incline it to their Colour. 
8. Hence therefore it comes to paſs, that W hiteneſs is the uſual Colour of 
Light; for Light is a confuſed Aggregate of Rays indued with all forts of 


Colours, as they were promiſcuouſly darted from the various Parts of lumi- 


nous Bodies. And of ſuch a confuſed Aggregate, as I faid, is generated 
Whitenels, if there be a due Proportion of the Ingredients; but if any one 
predominate, the Light mult incline to that Colour; as it happens in the 


blue Flame of Brimſtone; the yellow Flame of a Candle; and the various 
Colours of rhe Fixed Stars. Z PE 


9. Theſe things conſidered, the manner how Colours are produced by the 


Priſm is evident. For, of the Rays. conſtituting the incident Light, ſince 
thoſe which differ in Colour proportionally differ in Refrangibility, they by 
their unequal Refractions muſt be ſevered and diſperſed into an oblong Form 
in an orderly Succeſſion, from the leaſt refracted Scarlet, to the moſt refract- 
ed Violet. And for the ſame Reaſon it is, that Objects when looked upon 
through a Priſm, appear coloured. For the difform Rays, by their unequal 


Re- 
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Refractions, are made to diverge towards ſeveral Parts of the Retina, and 
there expreſs the Images of things coloured, as in the former Caſe they did 
the Sun's Image upon a Wall. And by this Inequality of Refractions, they 
become not only coloured, but alſo very confuſed and indiſtinct. N 

10. Why the Colours of the Rainbow appear in falling Drops of Rain, is 
alſo from hence evident. For thoſe Drops which refra& the Rays, diſpoſed 
to appear Purple, in greateſt Quantity to the Spectator's Eye, refract the Rays 
of other ſorts ſo much leſs, as to make them pals beſide it; and ſuch are the 
Drops on the Inſide of the primary Bow, and on the Outſide of the ſeeon- 
dary or exterior One. So thoſe Drops, which refract in greateſt Plenty the 
Rays, apt to appear Red, toward the Spectator's Eye, retract thoſe of other 
ſorts ſo much more, as to make them pals beſide it; and ſuch are the Drops on 
the exterior Part of the primary, and interior Part of the ſecondary Bow. 

11. The odd Phænomena of an Infuſion of Lignum Nephriticum, Leaf- 
Gold, Fragments of coloured Glaſs, and ſome other tranſparently coloured 
Bodies, appearing in one Poſition of one Colour, and of another in another, 
are on theſe Grounds no longer Riddles. For thoſe are Subſtances apt to re- 
fle& one ſort of Light, and tranſmit another; as may be ſeen in a dark Room, 
by illuminating them with ſimilar or uncompounded Light. For then they 
appear of that Colour only, with which they are illuminated; but yet in one 
Poſition more vivid and luminous than in another, accordingly as they are 
diſpoſed more or leſs to reflect or tranſmit the incident Colour. 

12. From hence alſo is manifeſt the Reaſon of an unexpected Experiment, 
which Mr. Hook, ſomewhere in his Micrography, relates to have made with 
two Wedge: like tranſparent Veſſels, filled the one with a Red, the other with 
a Blue Liquor: namely, that though they were ſeverally tranſparent enough, 
yet both together became opake; for if one tranſmitted only Red, and the 
other only Blue, no Rays could paſs through both. 0 

13. I might add more Inſtances of this Nature, but I ſhall conclude with 
this general One: That the Colours of all natural Bodies have no other Ori- 
gin than is, that they are variouſly qualified, to reflect one ſort of Light in 
greater plenty than another. And this I have experimented in a dark Room, 
by illuminating thoſe Bodies with uncompounded Light of divers Colours. 
For by that means any Body may be made to appear of any Colour. They 
have there no appropriate Colour, but everappear of the Colour of the Light 
caſt upon them; but yet with this Difference, that they are moſt brisk and 
vivid in the Light of their own Day-light Colour. Minium appeareth there 
of any Colour indifferently, with which it is illuſtrated, but yet moſt luminous 
in Red; and ſo Biſe appeareth indifferently of any Colour, with which it's illu- 
ſtrated, but vet moſt luminous in Blue: and therefore Minium reflecteth Rays 
of any Colour, but moſt copiouſly thoſe endowed with- Red, and conſequent» 
ly when illuſtrated with Day- light, that is, with all forts of Rays promiſcuouſly 
| blended, thoſe qualified with Red ſhall abound molt in the reflected Light, and 
hy their Prevalence cauſe it to appear of that Colour. And for the fame Reaſon 
Biſe, reflecting Blue moſt copiouſly, ſnall appear Blue by the Exceſs of thoſe 
| Rays in its reflected Light; ana the like of other Bodies. And that this is the en- 
| | tire 
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Rays may be conceived to flow ſucceſſively from the Sun. FP, and FR, two 


. 
tire and adequate Cauſe of their Colours, is manifeſt, becauſe they have no 
Power to change or alter the Colours of any ſort of Rays incident apart, but 
put on all Colours indifferently, with which they are enlightned. 
Theſe things being ſo, it can be no longer diſputed, whether there be Co- 
lours in the Dark, or whether they be the Qualities of the Objects we fee, 
no nor Periaph, whether Light be a Body. For, ſince Colours are the Qua- 


Light, having its Rays for their intire and immediate Subject, how 
can we think thoſe Rays Qualities alſo, unleſs one quality may be the Subject 


of, and ſuſtain another? which, in effect, is to call it Subſtance. We ſhould. 
not know Bodies for Subſtances, were it not for their ſenſible Qualities; and 


the Principal of thoſe Being now found due to ſomething elſe, we have as 
ood Realon to believe thar to be a Subſtance allo. PO 
Beſides, Who ever thought any Quality to be a heterogeneous Aggregate, 
ſuch as Light is diſcovered to be? But to determine more abſolutely what 
Light is, after what Manner reffacted, and by what Modes or Actions it 
produceth in our Minds the Phantaſms of Colours, is not ſo eaſy: And J 
ſhall not mingle Conjectures with Certainties. 


Reviewing what I have written, I ſee the Diſcourſe itſelf will lead to divers 


Experiments ſufficient for its Examination: And therefore I ſhall not trouble 
you further than to deſcribe one of thoſe which I have already inſinuated. 
In a darkned Room make a Hole in the Shut of a Window, whoſe Dia- 


meter may conveniently be about a third Part of an Inch, to admit a conve- 
nient Quantity of the Sun's Light: And there place a clear and colourleſs Priſm, 


to refract the entring Light towards the further part of the Room; which, as I 


ſaid, will thereby be diffuſed into an oblong coloured Image. Then place a 


Lens of about 3 Foot Radius (ſuppoſe a broad Object-Glaſs of a three Foot 
Teleſcope) at the Diſtance of about 4 or f Foot from thence, through which 
all thoſe Colours may at once be tranſmitted, and made by its Refraction to 


convene at a further Diſtance of about 10 or 12 Feet. If at that Diſtance 


you intercept this Light with a Sheet of white Paper, you will ſee the Colours 
converted into W hiteneſs again by being mingled. Bur it is requiſite that the 


Priſm and Lens be placed ſteddy, and that the Paper, on which the Colours 


are caſt, be moved to and fro; for by ſuch Motion you will not only find at 


what Diſtance the Whiteneſs is moſt perfect, but alſo ſee how the Colours 


gradually convene and vaniſh into Whiteneſs; and afterwards, having croſſed 


one another in that Place where they compound W hitenels, are again diſſipa- 


ted and ſevered, and in an inverted Order retain the ſame Colours which 
they had before they entred the Compoſition. You may alſo ſee, that if 
any of the Colours at the Lens be intercepted, the Whiteneſs will be changed 
into the other Colours. And theretore, that the Compoſition of W hiteneſs 


be perfect, Care muſt be taken that none of the Colours fall beſides the Lens. 


Thus in the Deſign of this Experiment, AB C expreſſeth the Priſm ſer end- 
wiſe to ſight, cloſe by the Hole F, of the Window EG. Its vertical Angle 
ACB may conveniently be about 63 deg. MN deſigneth the Lens. Its 
Breadth 2 f, or 3 Inches. SF, one of the ſtraight Lines, in which diform 
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of thoſe Rays unequally refracted, whi 


„„ 
ch the Lens makes to converge towards 
Q, and after Decuſſation to diverge again. And HI, the Paper, at divers Di- 
ſtances, on which the Colours are projected; which in Qconſtitute Whiteneſe, 
but are Red and Yellow in R, 7, and g, and Blue and Purple in P, p, and x. 

If you proceed further to try the Impoſſibility of changing any uncom- 


pounded Colour (which I have aſſerted in the third and thirteenth Propoſitions) 
tis requiſite that the Room be made very dark, leſt any ſcattering Light, mix- 


ing with the Colour, diſturb and allay it, and render it compound, contrary 


to the Deſign of the Experiment. *Tis allo requiſite, that there be a perfecter 
Separation of the Colours, than, after the Manner above deſcribed, can be 
made by the Refraction of one {ſingle Priſm z and how to make ſuch further 
Separations, will ſcarce be difficult to them that conſider the diſcovered Laws 
of Refractions. But if Trial ſhall be made with Colours not throughly ſepa- 
rated, there mult be allowed Changes proportionable to the Mixture. Thus, if 
compound Yellow Light fall upon the Blue Biſe, the Biſe will not appear per- 
fectly Yellow, but rather Green; becauſe there are in the yellow Mixture 
many Rays endued with Green, and Green being leſs remote from the uſual 
Blue Colour of Biſe than Yellow, is the more copioufly reflected by it. 


In like manner, if any one of the priſmatick Colours, ſuppoſe Red, be in- 


tercepted, on Deſign to try the aſſerted Impoſlibility of reproducing that Co- 
lour out of the others which are pretermitted; 'tis neceſſary, either that the 


Colours be very well parted before the Red be intercepted, or that together 
with the Red, the neighbouring Colours, into which any Red is ſecretly diſ- 
perſed, (that is, the Yellow, and perhaps Green too) be intercepted or elſe, 
that Allowance be made for the emerging of fo much Red out of the Yellow- 


Green, as may poſhbly have been diffuſed, and ſcatteringly blended in thoſe 


Colours. And if theſe Things be obſerved, the new Production of Red, 
or any intercepted Colour, will be found impoſſible. 


II. 1. To contract the Beams of the Sun without the Hole of the Window, Some Experi- 


and to place the Priſm between the Focus of the Lens and the Hole. 


2. To cover over both Ends of the Priſm with Paper at ſeveral Diſtances 
from the Middle; or with moveable 


divide the Length of the Figure. 
3. To move the Priſm fo, as the End may turn about, the Middle being 
ſteddy. 5 
4. To move the Priſm by ſhoving it, till firſt the one ſide, then the Middle, 
then the other Side pals over the Hole, obſerving the fame Paralleliſm. 


| 


Tr ſuppoſe the Deſign of the Propoſer of theſe Experiments is, to have 0bſervations on 


this Propoſal by 
Mr. Newton. 


g N. 83. p. 4060, 
placed at the Focus of the Lens, was by the interpoſed Priſm drawn out in Length May, An. 1672, 


their Events expreſled, with ſuch Obſervations as may occur concerning them. 
Touching the fit, I have obſerved, that the ſolar Image falling on a Paper 


proportional to the Priſm's Refraction or Diſtance from that Focus. And the 
chief Obſervable here, which I remember, was, that the ſtreight Edges of the 


oblong Image were diſt incter than they would have been without che Lens. 


Con- 


ments propoſed 
in relation to 
this Theory. 
Rings, to ſee how that will vary or N. 83. P. 40 59. 
| S* | w th will nd Poa May, An. 1672» 


{ 496) © 1 


Conſidering that the Rays coming from the Planet Venus, are much leſs 
inclined one to another, than thoſe which come from the oppoſite Parts of 
the Sun's Disk; I once tried an Experiment or two with her Light. And 
to make it ſufficiently ſtrong, I found it neceſſary to collect it firſt by abroad 
Lens; and then interpoſing a Priſm berween the Lens and its Focus, at ſuch 
Diſtance that all the Light might paſs through the Priſm, I found the Focus, 


which before appeared like a lucid Point, to be drawn out into a long ſplendid 


Line by the Priſm's Refraction. 


Concerning the ſecond Experiment, I have occaſionally obſerved, that by 


covering both Ends of the Priſm with Paper at ſeveral Diſtances from the 


Middle, the Breadth of the ſolar Image will be increaſed or diminiſhed as 
much, as is the Aperture of the Priſm, without any Variation of the Length: 
Or, if the Aperture be augmented on all Sides, the Image on all Sides will be 
ſo much and no more augmented. 1 5 „ 5 
Of the third Experiment I have occaſion to ſpeak in my Anſwer to ano- 
ther Perſon; where you will find the Effects of two Priſms, in all croſs Po- 
{itions of one to another, deſcribed. Bur if one Priſm alone be turned abour, 
the coloured Image will only be tranſlated from Place to Place, deſcribing a 
Circle, or ſome other conick Section on the Wall, on which it is projected, 
without ſuffering any Alteration in its Shape, unleſs ſuch as may ariſe from 
the Obliquity of the Wall, or caſual Change of the Priſm's Obliquity to the 
Sun's Rays. | 
The Effect of the fourth Experiment 1 have already inſinuated, telling you 
that Light paſſing through Parts of the Priſm of divers Thickneſſes, did 


ſtill exhibit the ſame Phænomena. 


pe Genie III. I cannot think it effectual for determining Truth, to examine the ſeveral 
Method of e, Ways by which Phænomena may be explained, unleſs where there can be a 


ꝛnining this Theo= | | 

753 EM perfect Enumeration of all thoſe Ways. You know, the proper Method 

Newron.N.85. for enquiring after the Properties of Things, is to deduce them from Expe- 

p · 5004. 07 3 ; , 

July, An.1672, riments. And I told you, that the Theory which I propounded, was evin- 
ced to me, not by inferring *7is thus, becauſe tis not otherwiſe; that is, not 
by deducing it only from a Confutation of contrary Suppoſitions, but by 
deriving it from Experiments concluding poſitively and directly. 'The Way 


therefore toexamine it, is, by conſidering, W hether the Experiments which I 


propound do prove thoſe Parts of the Theory to which they are applied, or by 


proſecuting other Experiments which the Theory may ſuggeſt for its Exami- 
nation. And this I would have done in a due Method; the Laws of Refra- 
Etion being thoroughly enquired into and determined, before the Nature of 
Colours be taken into Conſideration. It may not be amiſs to proceed ac- 
cording to the Series of theſe Queries; which I could wiſh were determined 
by the Event of proper Experiments, declared by thoſe that may have the 
Curioſity to examine them. : „ 
1. Whether Rays, that are alike incident on the ſame Medium, have un- 


any Incidence? 
3 | 5 . Wa 


equal Refraftions? And how great are the Inegualities of their Refractions at . 
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2. What is the Law according to which each Ray is ore or Jeſs refrafted 


Pray 


whether it be that the ſame Ray is ever reſracted according to the /ame Ra- 


tio of the Sines of Incidence and Refraction; and divers Rays, according to 
divers Ratio's; or that the Retraction of each Ray is greater or leſs without 
any certain Rule? That is, whether each Ray have a certain degree of Re- 


frangibility, according to which its RefraCtion is per formed z or is retracted 


without that Regularity ? 


. Whether Rays, which are endued with particular degrees of Refrongihi- 


lity, when they are by any Means ſeparate, have particular Colours conſtantly 


belonging to them; vix. the leaſt Refrangible, Scarlet; the molt Refranvible, | 


deep Violet; the middle, Sea- Green; and others, other Colours : > And on 


the contrary ? 
4. Whether the Colour of any ſort of Rays apart may be changed by Re- 


fraction? 


7. Whether Colours by coaleſcing do really Change one another to produce 
a New Colour, or produce it by mixing only ? 


6. Whether a due Mixture of Rays. indued with all variety of Colours, 


produces Light perfectly like that of the Sun, and which hath all the lame 
Properties, and exhibits the fame Phanomena ? 


Whether the component Colours of each Mixture be really changed; or be 


only ſeparated, when from that Mixture Various Colours are produced again 


by Refraction? 
8. Whether there be any other Colour ped by Refradtion, than ſuch 


as oughr to reſult from the Colours belonging to the diverſly Refrangible Kays, 


by their being ſeparated or mixed by that Refraftion ? 

To determine by Experiments theſe and ſuch like Queries, which yoke 
the propounded Theory, ſeems the moſt proper and direct way'to a Conclu- 
ſion. And therefore I could wiſh all Objections were ſuſpended, taken from 
Hypotheſes, or any other Heads than chel: two; of ſhewing the Inſufficiency 
of Experiments to determine theſe Queries, or prove any other parts of my 


Theory, by aſſigning the Flaws and Defects in my Concluſions drawn from 
them; or of producing other Experiments which directly contradict me, if 


any ſuch may ſeem to occur. For if the Experiments, which I urge, be defe- 
ctive, it cannot be difficult to ſhew the Defects; bur if valid, then by pro- 
ving the Theory they muſt render all Objections invalid. 


TV. 1. Iſtæc tam extraordinaria Hypotheſis, quæ Dioptri icæ fundements 
evertit, reels hactenus inſtitutas inutiles reddit, tota nititur illo Experi-, 
mento Priſmatis Cryſtallini, ubi Radii per foramen feneſtre intra obſcurum 
Cubiculum ingreſſi, ac deinde in Parietem impacti, aut in charta recepti, non 
in rotundum conformati, ut Cl. Newtono, ad Regulas Refractionum receptas 


attendenti, expectandum videbatur, ſed in Oblongam figuram extenſi appa- 


ruerunt : Unde concluſit, Oblongam cjulmadi figaram ex co elle, quod non- 


nulli Radij minus, nonnulli magis Refringer entur. 


Anima ver ſions 
«pon this Ihe o- 
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iga. Ga on 
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Sed mihi quidem videtur j juxta communes & receptas Dioprrice Leges, figu- 


ram illam, non Rotundam, {ed Oblongam eſſe oportere. Cum enim Rad) 
ir. I. T * 


Fig. 72. 


dat illorum Refractio. 


Angulum inter ſe 2 gr. 23 min. 


| | | FS 
e 
ex oppoſitis diſci Solaris partibus procedentes, variam habeant in ipſo tranſitu 


Priſmatis Inclinationem, varie quoque Refringi debent; ut cum unorum In- 
clinatio 30 ſaltem minutis major fit Inclinatione aliorum, major quoque eva- 


Igitur Radii oppoſiti, ex altera ſuperficie Priſmatis Emergentes, magis Di- 
vergunt & Divaricantur, quam ſi nullatenus, aut ſaltem æqualiter, omnes 
Infracti proceſſiſſent. Refractio autem iſta Radiorum fit ſolummodo verſus eas 
partes quæ fingi poſſunt in planis ad Axem Priſmatis rectis; nulla autem Re- 


fractionis inæqualitas contingit verſus eas partes, quæ intelliguntur in planis 


Axi parallelis; ut facile demonſtrari poteſt: Superficies enim duæ Priſmatis 
cenſeri poſſunt inter ſe Parallelæ, ratione habita ad Inclinationem Axis, cum 
ſingulæ ipſi Axi Parallelæ ſint. Refractio autem per duas Parallelas planas 
ſuperficies nulla computatur, quia quantum à prima ſuperficie Radius in unam 
partem torquetur, tantum ab altera in oppoſitam partem detorquetur. Igi- 


tur cum Radii Solares è foramine per Priſma tranſmiſſi ad latera quidem non 


frangantur, procedunt ulterius, perinde ac ſi nulla Priſmatis ſuperficies obſti- 
tiſſet, (habita, inquam, rat ione ſolum ad lateralem illam Divaricationem;) at 


vero cum ijdem Radii ad ſuperiores ſeu inferiores partes, alij quidem magis, 


alij vero minus, utpote inæqualiter Inclinati, Infringantur; neceſſe eſt eos ma- 
gis inter ſe Divaricari, adeoque & in Longiorem Figuram extendi. 


Quin ſi Calculus rite obeatur; ut Radii laterales inventi ſunt a CJ. Newtono 


in ea latitudine quæ ſubtendit Arcum 31 min. qui Arcus reſpondet Diametro 


Solis; ita nullus dubito, quin illa inventa quoque Altitudo Imaginis que 2 gr. 


& 49 min. ſubtendit, ſit illa ipſa quæ eidem Diametro Solis poſt inæquales 


Retractiones in illo ipſo caſu reſpondeat. 


Et revera, poſito Priſmate ABC, cujus Angulus A fit 60 gr. Radio DE, 
qui faciat cum perpendiculari EH, Angulum 30 grad. invenio illum, dum 


Emergit per F G, facere cum ee FI, Angulum 76 gr. 22 min. At 
vero politoalioRadiod E, qui cum perpendiculari EH, faciat Angulum 29 gr. 


39 min. invenio illum, dum Emergit per Fg, facere cum perpendicular f z, 


Angulum 78 gr. 45 min. Unde iſti duo Radii DE, 4E, qui procedere ſuppo- 


neintur ex oppoſitis partibus diſci Solaris, faciuntque inter ſe Angulum 30 


min. ijdem dum Emergunt per Lineas Fe, fe, ita Divergunt ut conſtituant 

Quod ſi duo alu Radu affumcrentur magis 
accedentes ad perpendicularem E H, (v. g. qui cum eadem perpendiculari fa- 
cerent, unus quidem Angulum 29 gr. 30 min. alter vero, 29 gr. o min.) tunc 


ijdem Rady emergentes magis achuc Divergerent, conſtituerentque Angulum 


majorem, etiam aliquando plus quam trium Graduum. Et præterea augetur 
ulterius iſta intercapedo Refractorum Radiorum ex eo, quod duo Radii DE, 
dE, concurrentes in E, illico incipiunt Divaricari, atque impingönt in duo 
puncta disjuncta alterius ſuperficiei, nempe in F & in f. Quapropter non 
ſufficit ad obeundum rite Calculum, ex Longitudine Imaginis impactæ in 


chartam ſubtrahere magnitudinem Foraminis Feneſtre; quandoquidem etiam 
poſito Foramine Indiviſibili E 
ala lupcrhcic, nempe F/. 


/ 


Quod 


, adhuc fieret aliud veluti Foramen Latum in 


( 139 ) See: 
Quod etiam vocat Experimentum Crucis, mihi quidem videtur quadrare 
cum vulgaribus & receptis Refractionum Regulis. Nam, ut modo oſtendi, 
Radii Solares qui accedentes & Convergentes faciunt Angulum zo min. Egre— 
dientes deinde etiam poſt Indiviſibile Foramen, Divergunt in Angulum duo- 
rum & trium Graduum. Quapropter non mirum, ſi iſti Radii, ſigillatim im- 
pingentes in alterum Priſma, perexiguo item apertum Foramine, inæqualiter 
Infringantur, cum ſit inæqualis illorum Inclinatio. Neque refert, quod iſti 
Radii attollantur aut deprimantur per converſionem primi Priſmatis, manente 
immoto ſecundo Priſmate, (quod tamen in omni caſu fieri non poteſt) vel 
quod manente primo Immobili, ſecundum moveatur, ut ſucceſſive Radios 
Coloratos totius Imaginis excipiat, & per proprium Foramen tranſmittat; utro- 
libet enim modo neceſle eſt Radios illos extremos, hoc eſt, Rubrum & Vio- 
laceum, incidere in ſecundum Priſma ſub inæquali Angulo, adcoque eorun- 
dem Retractionem eſſe inæqualem, ut Violaceorum fit major. 
Cum igitur manitetta caula appareat Oblongæ ejulmodi Figure Radiorum,” 
cauſaque illa ex ipſa natura Refractionis oriatur; non videtur neceſſe recurrere 
ad aliam Hypotheſin, aut admittere diverſam illam Radiorum Prangibili- 
tatem. 5 | 
Quod deinde excogitavit de Coloribus, illud quidem egregie conſequitur ex 
præcedente Hypotheſi; veruntamen nonnullas & ipſum patitur difficultates. 
Nam quod ait, nullum Colorem fed potius Candorem apparere, ubi omnes 
omnium Colorum Radu promiſcue contunduntur, id vero non videtur con- 
forme omnibus Phænomenis. Certe quæ Variationes cernuntur in permiſtio— 
ne diverſorum corporum, diverſis Coloribus imbutorum, edem omnino ob- 
ſervantur in permiſtione diverſorum Radiorum diyerſis item Coloribus imbu- 
torum: Atque optime ipſe advertit, quod quemadmodum ex Flavo & Cæru- 
leo corpore exſurgit Viridis Color; ita ex Flavo & Cxrateo Radio Viridis 
item Color efficitur. Quare {i omnes omnium Colorum Radii ſinul confun- 
derentur, neceſſe eſſet in iſta Hypotheſi, ut ille Color appareret, qui revera ap- 
paret in permiſtione omnium Pigmentorum. Atqui ſi iſta, hoc eſt, Rubrum 
ſimul & Flavum una cum Cæruleo & Purpureo aliiſque omnibus, ſi quæ ſint, 
conterantur & ay TON Ip jam Candidus, ſed Obſcurus & Satur Color 


exſurget. Ergo ſimilis Coldr gppareret in Lumine Ordinario, quod conſtaret 
ex aggregatione omnium Colorum. | 


. Praterea nihil primo aſpectu magis Ingenioſum magiſque aptum videtur, 
quam quod ait circa Experimentum Acutiſſimi Hookii, quo duo diverſt 
Liquores, quorum alter Rubeus, alter Cæruleus, uterque ſigillatim Pelluci- 
dus, ſimul permixti, Opaci evadunt. Id autem ait Clariſſimus Newtonus ex 
eo oriri, quod unus Liquor ſolos Rubeos aptus ſit tranſmittere, alter vero 
ſolos Flavos; unde permiſti nullos tranſmittent. Hoc, inquam, videtur ſta- 
tim valde oppoſitum; nihilominus tamen ex eo conficeretur, quod ſimilis opa- 
citas fieret in permiſtione quorumcumque Liquorum qui eſſent diverſi Coloris; 
quod tamen verum non eſt. 5 

2. Refractiones a diverſa parte Priſmatis quantum poteſt Inæquales ſtatuit, 
R. P. Pardies, cum tamen ego tum in Experimentis, tum in Calculo de Ex- 


Anſwered by 
Mr. Newton, | 
N. 84. p. 4091. 


perimentis iſtis inito, Equales adhibuerim. Si autem ABC, Priſmatis Se- June, An. 1572. 


0 h ctio 


. 8 5 90 "ws th A 
ax . g . 3 


5 RES ( 140), i 
ctio ad Axem ejus Perpendicularis, FL, & K G, Radii duo in x (medio Fo- 
be. 75 raminis) decuſſantes, & in Priſma illud Incidentes ad G, & L; ſintque eorum 
Refracti GH, & LM, ac denuo HI, & u. Et cum Refractiones ad Latus 
AC, æquales eſſe Refractionibus ad Latus B C, quam proxime ſuppoſuerim; 
| fi AC, & BC, ſtatuantur æqualia, ſimilis erit Radiorum G H, & L, ad 
| AB, baſin Prifmatis, Inclinatio z adeoque Ang. CLm=Ang. CHG, & Ang. 
; CmL=Ang. CG.H. Quare etiam Refractiones in G, & , zquales erunt, 
| | ut & in L, &. H; atque adeo Ang. K G AS Ang. nB, & Ang. F LA=Ang. 
BHI; &proinde Reftractorum H I, & u, eadem erit ad invicem inclinatio ac 


eſt Incidentium Radiorum FL, & K G. Sit ergo Angulus Fx K, zo min. æqua- 2 
| lis nempe Solari Diametro, & erit Angulus, quem HI, & u, comprehendunt, 1 
5 etiam 3o min. {fi modo Radii FL, & KG, æqualiter Refrangibiles ſtatuantur. F 
At mihi Experienti prodiit Angulus ille circiter 2 gr. 49 min. quem Radius 
Hl, extremum Violaceum Colorem, & #2», Czruleum exhibens, conſtituere; 4 
| ac proinde Radios illos diverſimode Retrangibiles eſſe, five Refractiones ſecun- 4 
dum diſparem ſinuum Incidentiæ & Refractionis Rationem peragi neceſſario F 
| concedendum eſt. 1 | ee, Y 
Addit præterea R. P. quod non ſufficit ad obeundum rite Calculum, ex Y 
Longitudine Imaginis impactz in Chartam ſubtrahere magnitudinem Forami- 3 
nis Feneſtræ; quandoquidem etiam poſito Foramine Indiviſibili, adhuc fie- 4 
| ret aliud veluti Foramen Latum in poſteriori ſuperficie Priſmatis. Mihi ta- 3 
Fx mmen videtur, his non obſtantibus, quod Refractiones Radiorum, in anteriori 4 
Ka 4c gueac poſteriori ſuperficie Priſmatis decuſſantium, ex adhibitis Principiis poſ- 9 
: ſint rite compurari. Sed ſi res ſecus eſſet, latitudo hiatus in poſteriori ſuperficie, 9 
quod ad inſtar Foraminis eſt, haud efficeret errorem duorum minutorum ſecun= - 
SED dorum; & in rebus practicis non operæ pretium duco ad minutias iſtas attendere. 2 
N Illi inſuper Experimento, quod Crucis vocaveram, nihil adve:fatur R. P. 2 
p dum contendit, inæquales Radiorum, diverſis Coloribus imbutorum, Refra- E 
ctiones, ex Inæqualibus Incidentiis effectas fuiſſe. Nam Radiis per duo = 
admodum parva, ab invicem diſtantia, & immora Foramina, tranſeuntibus, 1 
Incidentiæ illæ, prout ego Experimentum inſtitui, omnino AÆquales crant, 4 
& tamen Refractiones liquido Inæquales. Sin ille de Experimentis noſtris 3 
dubiter, oro, ut Radiorum diverſis Coloribus præditorum Refractiones ex In- 2 


cidentiis paribus menſuret, &Aentiet inæquales eſſe. Si modus ille, quem ego 
« add hoc negotium adhibui, minus placeat (quo tamen nullus poteſt eſſe Lucu- 
lentior,) facile eſt alios excogitare; ſicut & alios ipſe haud paucos cum fructu 
expertus ſum. Ee 5 N 
Contra 2heoriam de Coloribus objicitur, quod Pulveres diverſorum Colorum 
permiſti, non Candidum ſed Subobſcurum & Fuſcum Colorem exhibent. Mi- 
hi vero Albus, Niger & omnes intermedii Fuſci, qui ab Albo & Nigro per- 
miſtis componi poſſunt, non ſpecie Coloris ſed Quantitate Lucis tantum dif- 
ferre videntur. Et cum in miſtione Pigmentorum, ſingula corpuſcula non ni- 
ſt proprium Colorem Reflectant, adeoque maxima pars Lucis incidentis ſup- 
8 & retineatur; Lux Reflexd Subobſcura evadet, & quaſi cum tene- 3 
ris permiſta; adeo ut non intenſum Alborem, fed qualem Nigredinis per- 3 
miſtio conficit, hoc eſt Fuſcum, exhibere debear. ; 
| Obficitur 


on 


F . a * 


( 141 ) 
Ob jicitur deinde, qu d a 1.iquoribus quibuſcunque diverſi Coloris in codem l 
vaſe commiſtis, æque ac in diverſis vafis contentis, opacitas oriri debet; quod ta- 
men, ait, verum noneſte. Sed non video conſequentiam. Nam plurimi Liquores 
agunt in ſe im icem & novam ſibi mutuo partium contexturam ſecreto inducunt; 
unde Opaci, Diaphani, vel varus Coloribus, ex Coloribus permiſtorum nullo mo- 
do oriundis, præditi evadere poſſunt. Et hac de cauſa I'xperimenta hujuſmodi 
miſmis apta ſemper exiſtimavi, à quibus concluſiones deduci poſſint. Subnoto ta- 
men, quod ad hoc Experimentum requiruntur Liquores ſaturis & intenſis Co- 
loribus præditi, qui perpaucos niſi proprii ris Radios tranſmittant; quales 
raro occurrunt, ut videbitur illuminando Liqudyes cum diverſis Coloribus Priſ- 
matis in Obſcurato Cubiculo. Nam pauci reperientur, qui in propriis Colori- 
bus ſatis Diaphani appareant, inque alienis Opaci. Convenit præterea, ut ad- 
hibiti Colores ſint inter fe oppoſiti, quales exiſtimo fore Rubrum & Cœrule— 
um, vel Flavum & Violaceum, vel etiam Viridem & Purpureum illum qui 
Coccineo affinis eſt. Et ex hujuſmodi Liquoribus nonnulli (quorum partes 
tingentes non congrediuntur) fortaſſe permiſti evadunt Opaciores. Sed de even- 
tu nihil ſum ſollicitus, tum quod luculentius eſt Experimentum in Liquoribus 
ſeorſim exiſtentibus, tum quod Experimentum illud (ſicut & Iridis, Tincturæ 
Nephriticæ, & aliorum Corporum naturalium Phænomena) non ad Proban— 
dam fed ad illuſtrandam tantum Doctrinam propolu. 

Quod R. P. Theoriam noſtram Hypotheſin vocat, amice habeo, ſiquidem ip- 
fi nondum conſtet. Sed alio tamen conſilio propoſueram, & nihil aliud con- 
tinere videtur quam proprietates quaſdam Lucis, quas jam inventas probare 
haud difficile exiſtimo, & quas ſi non veras eſſe cognoveram, pro futili & 
inani ſpeculatione mallem repudiare, quam pro mea Hypotheſi agnoſcere. 

3. In ea Hypotheſe, quam fuſe explicat noſter G7imaldys, in qua ſupponitur Sore fwther 
Lumen eſſe Subſtantia quædam rapidiſſime mota, poſſet fieri aliqua diffuſio K. L. Pardi s, 
Luminis poſt tranſitum Foraminis, & decuſſationem Radiorum; Item in ca N. 85. p. 512. 
Hypetheſi, qua Lumen ponitur progredi per certas quaſdam Materia Subtilis Ju, Au. 1672: 
Undulationes, ut explicat Subtiliſſimus 7/ookizs, poſſunt explicari Colores per : 
certam quandam diffaſionem atque Expanſionem Undulationum, que fiat ad latera 
Radiorum ultra Foramen, ipſo Contagio ipſaque materie continuatione. Certe ego 
talem adhibeo Fyporheſin in Diſſertatione de Motu Undulationis, quæ eſt Sexta 
Pars moi um Mechanicorum; ut ponam, Colores iſtos apparentes fieri ex ſola 
illa Communicatione Motionis, quæ ab Undulationibus directe procedentibus 
ad latera effundatur: Ut ſi Radii intrantes per Foramen a, progrediantur ver- Fig. 24. 
ſus 6, Undulationes quidem directe terminari deberent (habendo rationem ad 
motum Rectum & Naturalem) ad lineam rectam 40; nihitominus tamen, 
propter continuitatem materiæ, fir aliqua communicatio commotionis verſus 
Latera ec, ubi tremula quædam & criſpans ſuccuſſio excitatur: Atque ſi in 
illa laterali criſpatione conſiſtere Colores ſupponantur, exiſtimo omnia Phæno- 
mena Colorum explicari poſſe, ut fuſius in ea, quam dix1, diſſertatione ex po- 
no. Quibus item poſitis apparet etiam, cur ultra quam ferat Radiorum iplo- 
rum Divaricatio, expandi Colorum Latitudinem neceſſe fit. 8 

Circa Experimentum Crucis, nequaquam dubito, quo minus in ſto Experi— 
mento talem ſitum adhibuerit, in quo æqualis Inclinatio fuerit TOE inci- 
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dentium, quandoquidem id ita à ſe præſtitum expreſſe affirmat. Verum id 
ron ego poteram conjicere ex iis quæ ſuperius Legeram z ubi ponuntur duo 
exigua & maxime diſtantia Foramina, & unum Priſma prope primum Foramen 
quod eſt in Feneſtra; per quod Priſma Radii Colorati erumpentes, Incidunt 
in alterum diſtans Foramen: Addebatur autem, quod ad hoc, ut omnes illi 
Radii ſucceſſive Inciderent in Secundum illud Foramen, convertebatur Frimum 
5 Priſma ſupra Axem: Atqui hoc modo neceſſe eſt mutari Inclinationem Ra- 
diorum, qui Incidunt in ſecundum Foramen: Atque indicavi ego, quod per- 
inde ſeſe res haberet, five manente Primo Priſmate Immobili, Secundum Fo- 
ramen attolleretur aut deprimeretur, ut poſſit ſucceſſive Radios omnes depictæ 
Imaginis Solaris exciperez five manente iſto Secundo Foramine Immobili, 
Primum I'riſma converteretur, ut ita eadem Imago ſitum mutaret, atque in 
Foramen impingere Secundum omnes ſucceſſive partes poſſet. Sed alias fine 
dubio adhibuit cautiones Solertiſſimus Newtonus. 

Quæ circa Colores objeceram, optime ſoluta exiſtimo. Quod autem Theo- 
riam iſtam appellarim Hypotheſin, 1d certe ego nullo adhibito conſilio feci; 
= atque nomen uſurpavi quod primum occurrit: quapropter velim ut ne per 

contemptum adhibitam vocem ejuſmodi exiſtimer. 


 AnſweredbyMr, 4. Ait R. P. quod abſq; varia Diverſorum Radiorum Refrangibilitate, poſſi- 


Nut,. tbid. biſc Gr explicare Longitudinem Colorum; puta ex Hypotheſi P. Grimaldi, per 


July), An. 1672. diffuſionem Luminis, quod ſupponitur eſſe ſubſtantia quædam rapidiſſime mo- 
ta, vel ex Hypothefi Hoołii noſtri, per diffuſionem vel expanſionem Undula- 
tionum, quas ſtatuit in æthere a Lucidis corporibus excitatas, quaquaverſum 
propagari. Addo quod ex Hypotheſi Carteſiana poteſt etiam effingi conſimilis 
diffuſio conatus vel preſſionis Globulorum, perinde ut in explicatione Caudæ 
Cometæ ſupponitur. Et eadem Diffuſio vel Expanſio juxta aliam quamvis Hy- 
potheſin, in qua Lumen ſtatuitur eſſe Vis, Actio, Qualitas, vel Subſtantia quæ- 
libet, à Luminoſis corporibus undique emiſſa, effingi poteſt. „ 
Ut his reſpondeam, animadvertendum eſt, quod Doctrina illa, quam de 
Refractione & Coloribus explicui, in quibuſdam Lucis proprietatibus ſolummo— 
do conſtitit, neglectis Hypotheſibus per quas proprietates illæ explicari de- 
bent. Quamobrem ab Hypotheſium contemplatione, tanquam improprio Ar- 

gumentandi loco, hic abſtinendum eſſe cenſui, & Vim Objectionis abſtrahen- 
dam, ut pleniorem & magis generalem reſponſionem accipiae. 
Itaque per Lumen intelligo quodlibet Ens vel Entis poteſtatem (ſive ſit 
Subſtantia, ſive quævis ejus Vis, Actio, vel Qualitas) quod à corpore lucido 
recta pergens aptum ſit ad excitandam Viſionem; & per Radios Luminis in- 
telligo minimas vel quaſlibet indefinite parvas ejus partes quæ ab invicem non 
dependent, quales ſunt illi omnes Radii, quos Lucentia corpora vel ſimul vel 
ſucceſſive ſecundum Rectas Lineas emittunt. Nam illæ tum collaterales 
tum ſucceſſivæ partes Luminis ſunt independentes; ſiquidem unæ abſque 
aliis intercipi poſſint, & in quaſliber plagas ſeorſim Reflecti vel Refringi. Et 
hoc præcognito, Objectionis Vis omnis in eo ſita erit; quod Colores per ali- 
2 Luminis ultra Foramen diffuſionem, (quæ non oritur ab inæquali diver- 
ſorum Radiorum ſeu Luminis independentium partium, Refrangibilitate) in 
Longum diduci poſſint. 5 
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loris per utrumque trajecti. Atque ita ex menſura conſtat Radio 


Rae 
Quod autem non aliunde Oblongentur ſuperius monſtravi : & ut omnia 
ſumme confirmarem, adjeci Experimentum illud quod jam nomine Crucis paſ- 
ſim inſignitur; de cujus conditionibus cum R. P. dubitaverit, placuit jam 
deſignare Schemate. Sit BC Anterior Tabula, cui Priſma A immediate præ- 
figitur; ſitque DE Altera Tabula, quaſi 12 pedibus abinde diſtans, cui ſuf- 
figitur alterum Priſma F. Tabulz autem ad x & y, ita perforentur, ut ali- 
quantulum Lucis ab anteriori Priſmate Refractæ trajici poſlit per utrumque 


Foramen ad Secundum Priſma, inque eo denuo Refringi. Jam Priſma ante- 


rius circa Axem reciproco motu convertatur, & Colores in Tabulam Poſteri- 
orem D E procidentes, per vices attollentur ac deprimentur, eoque pacto ali- 
us atque alius Color ſucceſſive pro arbitrio trajici poteſt per Foramen ejus , 
ad Poſterius Priſma, dum cæteri Colores in Tabulam impingunt: Et videbis, 
Radios diverſis Coloribus præditos diverſam pati Refractionem in illo poſte- 
riort Priſmate, ex eo quod ad diverſa loca parietis vel cujuſvis obſtaculi GN, 


pedibus aliquot ulterius remoti, allabentur; puta Violacei Radii ad H, Rubri 


ad G, & Intermedii ad loca intermedia: & tamen, propter determinatam Po- 
ſitionem foraminum, neceſſe eſt ut Similis ſit Incidentia Radiorum cujuſque Co- 


loribus affectos, habere diverſas Leges Refractionum. 


Sed ſuſpicor unde adductus ſit R. P. in dubitationem; nempe videtur col- 
locaſſe Primum Priſma A, poſt Tabulam BC, atque ita convertendo circa 


Axem, veriſimile eſt Inclinationem Radiorum qui interjacent Foramina prop- 
ter Intermediam Refractionem fuiſſe mutatam. At, ex deſeriptione prius ex- 


poſita, debuit Tabula illa collocari poſt Priſma, ut Radii inter Foramina in 
directum jacerent, quemadmodum, ex verbis, I took two Boards and placed 


one of them cloſe behind the Priſm at the WVindow, conſtare poteſt. Et uſus 
Experimenti idem innuit. 

Ex abundanti placet o 
Refractionem Secundi Priſmatis longe minus diffunditur ac divaricat, quam 
cum Alba exiſtit, adeo ut Imago ad G, vel H, ſit pene Circularis; præſertim 
ſi Priſmata ſtatuantur parallela, & in contrario ſitu Angulorum, prout in 
Schemate deſignantur. Quinetiam, ſi præterea diameter foraminis adæquet 
Latitudinem Colorum, nulla erit e uſdem Coloratæ lucis in Longum diffuſio; 


fed Imago, quiz a quopiam Colore ad G, vel HN, cftingitur, (poſitis Circula— 


ribus foraminibus, & Retractione poſterioris Priſmatis non majori quam ptin- 


ris, Radiiſque ad obſtaculum quam proxime perpendicularibus) erit plane Cir- 


cularis. Id quod arguit diffuſionem, de qua ſupra egimus, non ex contagione 
vel continuitate materiæ undifantis aut celeriime mote vel ſimilibus cauſis 
ortam eſſe, {cd ex certa Retractionum cujuſque Generis Radiorum Lege. Cur 


autem Imago illa in uno caſu fit Circularis, & in aliis nonnihil Oblongata, 


& quomodo diffulio lucis in Longitudinem in quolihet caſu pro arbitrio mi- 
nui poſſit, a Geometris determinandum, & cum experientia conferendum, re- 


linquo. 


Poſlquam proprietates Lucis his & ſimilibus Experimentis ſatis exploratæ 
fuerint, ſpectando Radios tauquam ejus ſive collaterales five ſucceſſivas partes, 
de quibus experti ſumus per independentiam quod ſint ab inyicera diſtinctrr 


Hypothclcs 


s, diverſis Co- 


bſervare, quod in hoc Experimento Colorata Lux ob 


Fg. 75. 
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Hypotheſes exinde dijudicandæ ſunt, & quæ non poſſunt conciliari rejiciendæ. 
Sed leviſſimi negotij eſt accommodare Hypotheſes ad hanc Doctrinam. Nam 
fi quis Hypotheſin Carteſianam detendere velit, dicendum eſt, Globulos eſſe 
inæquales; vel preſſiones Globulorum eſſe alias aliis fortiores, & inde diverſi- 
mode Refrangibiles, & aptas ad excitandam ſenſationem diverſorum Colorum. 
Et fic, juxta Hypotheſin CI. [Zookzz dicendum eſt, Undulationes AÆAtheris 
efſe alias majores five craſſiores aliis. Atque ita in cæteris. Hæc enim vide- 
tur eſſe ſumme neceſſaria Lex & Conditio Hypotheſium, in quibus naturalia 
corpora ponuntur conſtare ex quamplurimis corpulculis acervatim contextis, ut 
a diverſis Lucentium corpuſculis, vel ejuſdem corpuſculi diverſis partibus (prout 
Motu, Figura, Mole, aut aliis Qualitatibus differunt) inæquales prefliones, 
motiones aut mota corpuſcula per thera quaquaverſum trajictantur, ex qui- 
bus confuſe miſtis, Lux conſtitui ſupponetur. Et nihil durius cfle poteſt in 
iſtis Hypotheſibus quam contraria ſuppoſitio. a Be 

Ex Apertura ſive Dilatione Lucis in poſteriori facie Priſmatis, quam R. P. 
dixit eſſe veluti Foramen, ſufficit, quod error non emerget ſenſibilis, ſi modo 

aliquis emergeret. Quod fi Calculus juxta obſervationes præciſe incatur, 
error erit nullus. Nam diametro foraminis a Longitudine Imaginis fubducta, 
reſtabit Longitudo quam Imago haberet, ſi modo foramen ante Priſma eſſet 
indiviſibile, idque non obſtante præfata Lucis dilatatione in poſteriori facie 
Priſmatis; ut facile oſtenditur. Deinde ex data illa Longitudine Imaginis, 
ac diſtantia a foramine indiviſibili, ut & poſitione & forma Priſmatis, & ad 
id inclinatione Incidentium Radiorum, ac angulo, quem Refracti Radii ad 

medium imaginis tendentes, cum à centro Solis incidentibus conſtituunt, 
cætera omnia determinantur. Et que determinant- Refractiones & Poſitiones 
Radiorum ſufficiunt ad Calculum iſtarum Refractionum rite ineundum. Sed 
res non tanti eſſe videtur ut moram inferat. | ee) 

Quod R. P. Doctrinam noſtram Hypotheſin vocaverit, non aliunde factum 
eſſe credo, quam quod vocabulum uſurpavit quod primum occurrit; ſiqui- 
dem mos obtinuit ut quicquid exponitur in Philoſophia dicatur Hypotheſis. 
Et ego ſane non alio Conſilio vocabulum ithud reprehendi, quam ut ne inva- 

= leſceret appellatio qua recte Philoſophantibus prejudicio eſſe poſſet. 
To the Stif- F. Omnino mihi fatisfecit noviſſima reſponſio, a D. Newtono ad meas In- 
GAH a8: ſtantias data. Noviſſimus Scrupulus, qui mihi hærebat circa Experimentim 
N. 85. b. 5018, Crucis, penitus fuit exemptus. Atque nunc plane ex Figura ipſius intelligo, 
Ju'y, Av. 1672. quod non intellexeram ante. Experimentum peractum cum fuerit iſto modo, 
nil habeo quod in eo deſiderem amplius. 5 

Some conſidera- V. The Conſideration on my Theories conſiſts in aſcribing an Hypotheſis 
ere to me, which is not mine; in Aſſerting an Hypotheſis, which, as to the prin- 
Anſwer'dby Mr, Cipal Parts, is not againſt me; in Granting the greateſt part of my Diſcourſe, 
rn 3th: if explicated by that Hypotheſis z and in Denying ſome things, the Truth of 
Nov.An. 1672, Which would have appear'd by an Experimental Examination. > 

Ee Or theſe Particulars I ſhall diſcourſe in order. And fr/} of the Hypothe- 
ſis, which is aſcribed to me in theſe Words: But grant this firs Suppoſition, that 

Light is a Body, au that as many Colours or Degrees as there may be, ſo many Bodies 

| | a 2 = three 
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there may be; all which compounded together would make White, &c. This, it 
ſeems, is taken for my Hypotheſis. "Tis true, that from my Theory I argue 
the Corporeity of Light; but I do it without any abſolute Poſitivenels, as 
the Word perhaps intimates; and make it at moſt but a very plauſible Conſe- 
quence of the Doctrine, and not a fundamental Suppoſition, nor ſo much as 
any part of it; which was wholly comprehendcd in the precedent Propoſitions. 
And I ſomewhat wonder, how the Objector could imagine, that, when I had 
aſſerted the Theory with the greateſt Rigour, I thould be ſo forget ful as after- 
wards to aſſert the fundamental Suppoſition itſelf with no more than a per- 
haps. Had I intended any ſuch Hypotheſis, I ſhould ſomewhere have ex- 
plained it: But I knew, that the Properties, which I declared of Light, 
were in ſome meaſure capable of being explicated, not only by that, but by 
many other mechanical Hypotheſes; and therefore I choſe to decline them 
all, and to ſpeak of Light in general Terms, conſidering it abſtractly, as ſome- 
thing or other propagated every way in {treight Lines from luminous Bodics, 
without determining what that thing is; whether a confuſed Mixture of dit- 
form Powers, or Bcings whatſoever. And for the ſame Reaſon I thoſe to 
| ſpeak of Colours according to the Information of our Senſes, as if they were 
Qualities of Light without us. Whereas by that Hypotheſis, I mult have 
conſider'd them rather as Modes of Senſation, excited in the Mind by various 
Motions, Figures, or Sizes of the Corpulcles of Light, making various me- 
chamcal Impreſſions on the Organ of Senſe; as I expreſs'd it in that Place, 

where I ſpake of the Corporeity of Light. | OY 
Bur ſuppoſing I had propounded that Hypotheſis, I underſtand not why 
the Objector ſhould ſo much endeavour to oppole it: For certainly it has a 
much greater Affinity with his own Hypotheſis, than he ſeems to be aware 
of; the Vibrations of the Ather being as uſeful and neceſſary in this, as in 
his; for aſſuming the Rays of Light to be ſmall Bodies, emitted every way 
from ſhining Subſtances, thoſe, when they impinge on any retracting or re- 
fleeting Superficies, mult as neceſſarily excite Vibrations in the Ether, as 
Stones do in Water when thrown into it. And ſuppoſing theſe Vibrations to 
be of ſeveral Depths or Thickneſſes, accordingly as they are excited by the 
ſaid corpuſcular Rays of various Sizes and Velocities; of what Uſe they will 
be for explicating the Manner of Reflection or Refraction, the Production of 
Heat by the Sun- Beams, the Emiſſion of Light from Burning, Putritying, 
or other Subſtances, whoſe Parts are vehemently agitated, the Phænomena 
of thin tranſparent Plates and Bubbles, and of all natural Bodies, the Manner 
of Viſion, and the Difference of Colours, as allo their Harmony and Diſ- 
cord; I ſhall leave to their Conſideration, who may think it worth their 

Endeavour, to apply this Hypotheſis to the Solution of Phænomena. 
In the ſecond Place, I told you, "That the Objector's Hypotheſis, as to the 
fundamental Part of it, is not againſt me. That fundamental Suppoſition is; 
That the Parts of Bodies, when briskly agitated, do excite Vibrations in the M- 
ther, which are propagated every way from thoſe Bodies in ſtreigbt Lines, and 
* caufs a Senſation of Light by beating and daſhing againſt the Bottom of the Eye, 
För-. 5 = ſomething 
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ſomething after the manner, that Vibrations in the Air cauſe a Senſation of Sound 
by beating againſt the Organs of Hearing. Now, the moſt free and natural 
Application of this Hypotheſis, to the Solution of Phænomena, I take to be 
this: That the agitated Parts of Bodies, according to their ſeyeral Sizes, Fi- 
gures and Motions, do excite Vibrations in the Ather of various Depths or 
Bigneſſes, which being promiſcuouſly propagated through that Medium to 
our Eyes, effect in us a Senſation of Light of a white Colour; but if by any 
means thoſe of unequal Bigneſſes be ſeparated from one another, the largeſt 
beget a Senfation of a red Colour; the leaſt or ſhorteſt, of a deep Violet; and 
the intermediate ones, of intermediate Colours; much after the manner that 
Bodies, according to their ſeveral Sizes, Shapes and Motions, excite Vibrati— 
ons in the Air of various Bigneſſes, which, according to thoſe Bigneſſes, make 
ſeveral Tones in Sound: That the largeſt Vibrations are beſt able to overcome 
the Reſiſtance of a refracting Superficies, and ſo break through it with leaſt 
Refraction; whence the Vibrations of ſeveral Bigneſſes, that is, the Rayͤs 
of ſeveral Colours, which are blended together in Light, muſt be parted 
from one another by Refraction, and ſo cauſe the Phænomena of Priſms, and 
other refracting Subſtances: And that it depends upon the Thickneſs of a 
thin tranſparent Plate or Bubble, whether a Vibration ſhall be reflected at 
its further Superficies, or tranſmitted; ſo that, according to the Number of 
Vibrations interceding the two Superficies, they may be reflected or tranſ- 
mitted for many ſucceſſive Thickneſſes. And ſince the Vibrations which make 
Blue and Violet, are ſuppoſed ſhorter than thoſe which make Red and Yellow, 
they muſt be reflected at a leſs Thicknels of the Plate: Which is ſufficient to ex- 
plicate all the ordinary Phænomena of thoſe Plates or Bubbles, and alſo of all 
natural Bodies, whoſe Parts are like ſo many Fragments of ſuch Plates. 
T heſe ſeem to be the moſt plain, genuine, and neceſſary Conditions of this 
Hypotheſis. And they agree ſo juſtly with my Theory, that if the Animad- 
verſor think fit to apply them, he need not, on that Account, apprehend a 
Divorce from it. But yet how he. will defend it from other Difficulties, I 
know not; for to me the fundamental Suppoſition itſelf ſeems impoſſible, 
namely, that the Waves or Vibrations of any Fluid, can, like the Rays of 
Light, be propagated in ſtreight Lines, without a continual and very extra- 
vagant ſpreading-and bending every way into the quieſcent Medium, where 
they are terminated by it. I miſtake, if there be not both Experiment and 
Demonſtration to the contrary. And as to the other two or three Hypothe- 
ſes, which he mentions, I had rather believe them ſubject to the like Diffi- 
culties, than ſuſpect the Animadverſor ſhould ſelect the worſt for his own. 
What I have ſaid of this, may be caſily applica to all other mechanical 
Hypotheſes, in which Light is ſuppoſed to be cauſed by any Preſſion or Mo- 
tion whatſoever, excited in the /Ether by the agitated Parts of luminous 
Bodies; for it ſeems impoſſible that any of thoſe Motions or Preſſions can 
be propagated in ſtreight Lines, without the like ſpreading every way into 
the ſhadowed Medium on which they border. But yet, if any Man can 
think it poſſible, he muſt ar leaſt allow, that thoſe Motions, or Endeavours to 
Motion, cauſed in the Æcher by the {cyeral Parts of any lucid Body, that dif- 


ter 
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fer in Size, Figure, and Agitation, muſt neceſſarily be unequal: Which 1s 


enough to denominate Light an Aggregate of Difform Rays, according to any 
of thoſe Hypotheſes. And if thoſe original Inequalities may ſuffice to diffe- 
rence the Rays in Colour and Refrangibility, [ ſec no reaſon, why they, 
that adhere to any of thoſe Hypotheles, ſhould ſeek for other Cauſes of thele 
Effects, unlels (to ule the Objector's Argument) they will multiply Entities 
without Neceſſiby. 

The hird Thing to be conſider'd is, the Condition of the Animadverſor's 
Conceſſions, which is, That I would explicate my Theories by his Hvpo- 
theſis: And if I could comply with him in that Point, there would be little 
or no Difference between us: For he grants, That, without any reſpect to 
a different Incidence of Rays, there are different Refractions; but he would 
have it explicated, not by the different Refrangibility of ſeveral Rays, but by 
the ſplitting and rarefying Ethereal Pulſes. He grants my third, fourth, and 
ſixth Propoſitions ; the Senſe of which is, That uncompounded Colours arc 


unchangeable, and that compounded Ones are changeable only by reſolving 


them into the Colours of which they are compounded; and that all the 


Changes- which can be wrought in Colours, are effected only by variouſly 
mixing or parting them: But he grants them on Condition, that I will ex- 


plicate Colours by the two Sides of a ſplit Pulſe, and ſo make but two Spe- 
cies of them, accounting all other Colours in the World to be but+various 
Degrees and Dilutings of thoſe two. And he further grants, that White- 
neſs is produced by the Convention of all Colours; but then I muſt allow 
it to be not only by Mixture of thoſe Colours, but by a farther uniting of 


the Parts of the Ray ſuppoſed to be formerly ſplit. | 
If I would proceed to examine theſe his Explications, I think it would be 


no difficult Matter to ſhew, that they are not only inſufficient, but in ſome 
_ reſpects to me (at leaſt) unintelligible : For though it be eaſy to conceive, 


how Motion may be dilated and ſpread, or how parallel Motions may be- 
come diverging ; yet I underſtand not, by what Artifice any linear Motion 
can by a retracting Superficies be infinitely dilated and rarefied, fo as to be- 


come ſuperficial: Or, if that be ſuppoſed, yet I underſtand as little, why 


it ſhould be ſplit at ſo ſmall an Angle only, and not rather ſpread and diſper- 
fed through the whole Angle of Refraction. And further, though I can 
eaſily imagine, how unlike Motions may croſs one another; yet I cannot 


well conceive, how they ſhould coaleſce into one uniform Motion, and then 
part again, and recover the former Unlikeneſs; notwithſtanding that Icon 


jecture the Ways by which the Animadverſor may endeavour to explain it. 
So that the direct, uniform, and undiſturb'd Pulſes ſhould be ſplit and di- 
ſturbed by Refraction; and yet the oblique and diſturbed Pulſes perſiſt 
without ſplitting, or further Diſturbance, by following Refractions, is (to 


me) as unintelligible : and there is as great a Difficulty in the Number 


of Colours; as you will ſee hereafter. 

But whatever be the Advantages or Diſadvantages of this Hypotheſis, I 
hope I may be excuſed from taking it up, ſince I do not think it needful to 
explicate my Doctrine by any MIT at all: For if Light be OT. 
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abſtractedly without reſpe& to any Hypotheſis, I can as eaſily conceive, that 
the ſeveral Parts of a ſhining Body may emit Rays of different Colours and 
other Qualities, of all which Light is conſtituted, as that the ſeveral Parts of 
a falſe or uneven String, or of unevenly agitated Water in a Brook or Cataract, 


or the ſeveral Pipes of an Organ inſpir'd all at once, or all the Variety of ſound- 


ing Bodies in the World together, ſhould produce Sounds of ſeveral Tones, and 
propagate them thro” the Air confuſedly intermix'd. And if there were any 


natural Bodies that could reflect Sounds of one Tone, and ſtifle or tranſmit 


thoſe of another; then, as the Echo of a confuſed Aggregate of all Tones 
would be that particular Tone, which the echoing Body is diſpoſed to reflect z 
ſo, ſince (even by the Animadverſor's Conceſſions) there are Bodies apt to 


reflect Rays of one Colour, and ſtifte or tranſmit thoſe of another; I can as 


eaſily conceive, that thoſe Bodies, when illuminated by a Mixture of all 


Colours, mult appear of that Colour only which they reflect. 


But when the Objector would inſinuate a Difficulty in theſe Things, by 

alluding to Sounds in the String of a muſical Inſtrument before Percuſſion, 
or in the Air of an Organ-Bellows before its Arrival at the Pipes; I muſt 
confeſs, I underſtand it as little, as if one had ſpoken of Light in a Piece of 


W ood before it be ſet on Fire, or in the Oil of a Lamp before it aſcend up 
the Match to feed the Flame. f 


Vou ſee therefore how much it is beſides the Buſineſs in Hand to diſpute 


about Hypotheſes. For which Reaſon I ſhall now, in the laſt Place, pro- 
ceed to abſtract the Difficulties in the Animadverſor's Diſcourſe, and with- 
out having regard to any Hypotheſis, conſider them in general Terms. And 
they may be reduced to theſe three Queries: | 


1. Whether the unequal Refractions, made without reſpeft to any Inequality of 
Incidence, be cauſed by the different Refrangibility of ſeveral Rays; or by 
_ the ſplitting, breaking, or diſſipating the ſame Ray into diverging Parts? 
2. Whether there be more than two Sorts of Colours? N 
3. Whether M hiteneſs be a Mixture of all Colours? 5 


The firſt of theſe Queries you may find determined above, by an Expe- 
riment: The Deſign of which was to ſhew, that the Length of the colour'd 
Image proceeded not from any Unevenneſs in the Glaſs, or any other con- 
tingent Irregularity in the Refractions. Amongſt other Irregularities, I know 
not what is more obvious to ſuſpect, than a fortuitous Dilating and Spreading 
of Light, after ſome ſuch manner, as Des Cartes has deſcribed in his AÆAthertal 
Refrattions, for explicating the Tail of a Comet; or as the Animadverſor now 
ſuppoſes to be effected by the ſplitting and rarefying of his æthereal Pulſes. 
And to prevent the Suſpicion of any ſuch Irregularities, I told you, that I 
retracted the Light contrary ways, with two Priſms ſucceflively, to deſtroy 


thereby the regular Effects of the firſt Priſm by the ſecond, and to diſcover 


the irregular Effects by augmenting them with iterated Refractions. Now, 
amongſt other Irregularities, if the firſt Priſm had ſpread and diſſipated every 
Ray into an indefinite Number of diyerging Parts, the ſecond ſhould in like 


manner 
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manner have ſpread and diſſipated every one of thoſe Parts into a further in- 
definite Number, whereby the Image would have been ſtill more dilated, con- 
trary to the Event. And this ought to have happen'd, becauſe thoſe linear 
diverging Parts depend not on one another for the manner of their Refraction, 
but are every one of them as truly and compleatly Rays, as the whole was be- 
fore its Incidence; as may appear by intercepting them ſeverally. 

T be Reaſonableneſs of this Proceeding will, perhaps, better appear by ac- 
quainting you with this further Circumſtance. | ſometimes placed the ſecond 
Priſm in a Poſition tranſverſe to the firſt, on Deſign to try if it would make 
the long Image become four- ſquare, by Refractions croſſing thoſe that had 
drawn the round Image into a long one. For if, amongſt other Irregularitics, 


* 


the Refraction of the firſt Priſm did, by ſplitting, dilate a lincar Ray into a 


ſuperficial; the crols Refractions of that ſecond Priſm ought, by further 
ſplitting, to dilate and draw that ſuperficial Ray into a pyramidical Solid. But, 


upon Trial, 1 found it otherwiſe ; the Image being as regularly oblong as 


before, and inclined to both the Priſms at an Angle of 45 degrees. 

I tried alſo all other Poſitions of the ſecond Priſm, by turning the Ends 
about its middle Part; and in no cafe could obſerve any ſuch Irregularity. 
The Image was ever alike inclined to both Priſms, its Breadth anſwering to 


the Sun's Diameter, and its Length being greater or leſs, according as the 


Refractions more or leſs agreed or contradicted one another. 


— 


*. 


And by theſe Obſervations, ſince the Breadth of the Image was not aug- 
mented by the croſs Refraction of the ſecond Priſm, that Refraction muſt have 
been performed without any ſplitting or dilating of the Ray; and therefore at 
leaſt the Light incident on that Priſm muſt be granted an Aggregate of Rays 
unequally Refrangible in my Senſe. And ſince the Image was cqually inclined 


to both Priſms, and conſequently the Refractions alike in both, it argues that 


ularity. | | ; 
l To determine the ſecond Query, The Animadverſor refers to an Experi- 
ment made with two Wedge: like Boxes, recited in the Micrography of the 
ingenious Mr. Hoot, Obſerv. 10. Pag. 73, The Deſign of which was to pro- 
duce all Colours out of a Mixture of two. But there is, I conceive, a dou- 
ble Defect in this Inſtance: For it appears nor, that by this Experiment all 
Colours can be produced qut of two; and if they could, yet the Inference 
would not follow. ops : 


Thar all Colours cannot by that Experiment be produced out of two, will 


they were performed according to ſome conſtant Law, without any Irre- 


appear by conſidering, that the Tincture of Aloes, which afford one of thoſe 
Colours, was not all over of one uniform Colour, but appear'd Yellow near 


the Edge of the Box, and Red at other Places where it was thicker; affordin 


all Variety of Colours, from a pale Yellow to a deep Red or Scarlet, accord- 


ing to the various Thickneſs of the Liquor. And ſo the Solution of Cop- 
per, which afforded the other Colour, was of various Blues and Indicoes. 
So that inſtead of two Colours, here is a great Variety made ule of for the 


Production of all others. Thus, for Inſtance, to produce all Sorts of Greens, 
the ſeveral Degrees of Yellow and pale Blue muſt be mix'd; but to compound 


Purples, the Scarlet and deep Blue are to be the Ingredients. Now 


FJ 
Now if the Animadverſor contend, that all the Reds and Vellows of the 
one Liquor, or Blues and Indicoes of the other, are only various Degrees and 
Dilutings of the ſame Colour, and not divers Colours; that is a begging of the 
Queſtion: And 1 ſhould as ſoon grant, that the two Thirds or Sixths in 
Muſick are but ſeveral Degrees of the ſame Sound, and not divers Sounds. 
Certainly it is much better torbelieve our Senſes, informing us, that Red and 
Yellow are divers Colours; and to make it a philoſophical Query, Why the 
ſame Liquor doth, according to its various Thickneſs, appear of thoſe divers 1 
Colours; than to ſuppoſe them to be the ſame Colour, becauſe exhibited by 1 
the ſame Liquors. For if that were a ſufficient Reaſon, then Blue and Yel- 9 
low muſt alſo be the ſame Colour, ſince they are both exhibited by the ſame 
Tincture of Nephritick Wood. But that they are divers Colours, you will 
more fully underſtand by the Reaſon, which in my Judgment is this: The 
Tincture ot Aloes is qualified to tranſmit moſt eaſily the Rays indued with 
Red, moſt difficultly the Rays indued with Violet, and with intermediate 
Degrees of Facility, the Rays indued with intermediate Colours. So that 
where the Liquor is very thin, it may ſuffice to intercept molt of the Violet, 
and yet tranſmit moſt of the other Colours; all which together mult com- 
pound a middle Colour, that is, a faint Yellow. And where it is fo much 
thicker, as alſo to intercept molt of the Blue and Green, the remaining Green, 
Yellow and Red, muſt compound an Orange. And where the Thickneſs is 
ſo great, that ſcarce any Rays can pals through it beſides thoſe indued with 
Red, it muſt appear of that Colour, and that ſo much the deeper and ob- 
ſcurer, by how much the Liquor is thicker. And the ſame may be under- 
ſtood of the various Degrees of Blue, exhibited by the Solution of Copper, 
by reaſon of its Diſpoſition/to intercept Red moſt eaſily, and tranſmit a deep 
Blue or Indico Colour molt freely. 
But ſuppoſing that all Colours might, according to this Experiment, be 
produced out of two by Mixture; yet it follows not, that thoſe two are the 
only original Colours; and that for a double Rraſon: Firſt, Becauſe thoſe 
two are not themſelves original Colours, but compounded of others; there 
being no Liquor, nor any other Body in Nature, whoſe Colour in Day-light 
is wholly uncompounded. - And then, becauſe though thoſe two were origi- 
nal, and all others might be compounded of them, yet it follows not that 
they cannot be otherwiſe produced. For I ſaid that they had a double Ori- 
gin, the ſame Colours to Senſe being in ſome Caſes compounded, and in o- 
thers uncompounded; and ſufficiently declared in my zhird and fourth Propo- 
 fitions, and in the Concluſion, by what Properties the one might be known. 
and diſtinguiſh'd from the other. But becaule I ſuſpect by ſome Circum- 1 
ſtances, that the Diſtinction might not be rightly apprehended, I ſhall once 
more declare it, and further explain it by Examples. 1 
That Colour is primary or original, which cannot by any Art be chan- 
ged, and whole Rays are alike retrangible: And that compounded, which is 
1 cCchangeable into other Colours, and whole Rays are not alike refrangible. For 
1 Inſtance: To know whether the Colour of any green Object be compounded 
or not, view it through a Priſm; and if it appear confuſed, and the Edges 
9 8 2 | 55 tinged 
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tinged with Blue, Yellow, or any Variety of other Colours, then is that 
Green compounded of ſuch Colours as at its Edges emerge out of it: But 
if it appear diſtinct, and well defined, and entirely Green to the very Edges, 
without any other Colours emerging, it is of an original and uncompounded 
Green. In like manner, if a retracted Beam of Light, being caſt on a white 
Wall, exhibit a green Colour, to know whether that be compounded, refract 
the Beam with an interpoſed Priſm; and if you find any Difformity in the 
Refract ions, and the Green be transformed into Blue, Yellow, or any Variety 
of other Colours, you may conclude that it was compounded of thoſe that 
emerge: But if the Refractions be uniform, and the Green perſiſt without 
any Change of Colour, then is it original and uncompounded. And the 
Reaſon why I call it ſo is, becauſe a Green indued with ſuch Properties can- 
not be produced by any mixing ot other Colours. | . 
Now if two green Objects may to the naked Eye appear of the ſame Co- 
lour, and yet one of them through a Priſm ſeem confuled and variegated with 
other Colours at the Edges, and the other diſtinct and entirely green; or if 
there may be two Beams of Light, which falling on a white Wall, do to the 
naked Eye exhibit the fame green Colour, and yet one of them, when tranſ- 
mitted through a Priſm, be unitormly and regularly refracted, and retain its 
Colour unchanged, and the other be irregularly refracted, and made to di- 
varicate into a 1 of other Colours: I ſuppoſe theſe two Greens will 
in both Caſes be granted of a different Origin and Conſtitution. And if by 
mixing Colours, a Green cannot be compounded with the Properties of the 
unchangeable Green, I think I may call that an uncompounded Colqur, eſpe- 
cially ſince its Rays are alike refrangible and uniform in all Reſpects. 
The fame Rule is to be obſerved in examining whether Red, Orange, 
Yellow, Blue, or any other Colour, be compounded or not. And, by the 
Way, ſince all white Objects through the Priſm appear confuſed and termi- 
nated with Colours, Whiteneſs muſt, according to this Diſtinction, be ever 
compounded, and that the moſt of all Colours, bccaule it is the molt con- 
fuſed and changed by Refractions. „5 
There now remains the hd Query to be conſider'd, which is, Whether 
Whitcnels can be an uniform Colour, or a diſſimilar Mixture of all Colours? 
The Experiment which I brought to decide it, the Animadverſor thinks may 
be otherwiſe explained, and fo concludes nothing. But he might eaſily have 
ſatisfied himſelf by trying what would be the Reſult of a Mixture of all Colours. 
And that very Experiment might have ſatisfied him, if he had pleaſed to ex- 
amine it by the various Circumſtances. One Circumſtance I there declared, 
of which I ſee no Notice taken; and it is, That if any Colour at the Lens 
be intercepted, the Whiteneſs will be changed into other Colours: If all 
the Colours but Red be intercepted, that Red alone in the Concourſe or 
croſſing of the Rays, will not conſtitute W hitencis, but continues as much 
Ned as before; and fo of the other Colours. So that the Buſineſs is not only 
to ſhew how Rays, which before the Concourle exhibit Colours, do in the 
Concourſe exhibit White; but to ſhew, how, in the fame Place, where the ſe- 
veral Sorts of Rays apart exhibit ſeveral Colours, a Confuſion of all hr 
make 
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make White. For Inſtance, If Red alone be firſt tranſinitted to the Paper at 
the Place of Concourſe, and then the other Colours be let fall on that Red, the 
Queſtion will be, Whether they convert it into White by mixing with it only, 
as Blue falling ona Yellow Light is ſuppoſed to compound Green? Or whether 
2 there be ſome further Change wrought in the Colours by their mutual acting 4 
on one another, until, like contrary peripaterick Dualities, they become aſſin- 
lated? And he that ſhall explicate this laſt Caſe mechanically, muſt conquer a 
double Impoſlibility. He muſt firſt ſhew, that many unlike Motions in a 
Fluid can by claſhing ſo act on one another, and change each other, as to be- 
come one uniform Motion; and then, that an uniform Motion can of it ſelf, 
without any new unequal Impreſſions, depart into a great Variety of Motions 
regularly unequal. And aſter this he mult further tell me, why all Objects 
appear not of the ſame Colour; that is, why their Colours in the Air, where 
the Rays that convey them every way are confuſedly mixt, do not aflimilate 
one another, and become uniform before they arrive at the Spectator's Eye? 
But if there be yet any doubting, tis better to put the Event on further Cir- 
cumſtances of the Experiment, than to acquieſce in the Poſſibility of any hypo- 
thetical Explications: As for Inſtance, by trying what will be the Apparition 
of theſe Colours in a very quick Conſecution of one another. And this may be 
eaſily performed by the rapid Gyration of a Whecl with many Spokes or Coggs 
in its Perimeter, whoſe Interſtices and Thickneſſes may be equal, and of ſuch 
a Largeneſs, that, if the Wheel be interpoſed between the Priſm and the white : 
Concourſe of the Colours, one half of the Colours. may be intercepted by a 
Spoke or Cogg, and the other half paſs through an Interſtice. The Wheel 
being in this Poſture, you may firſt turn it {lowly about, to ſee all the Colours | 7? 
fall ſuceeſſively on the ſame Place of the Paper, held at their aforeſaid Concourſe z 
and if you then accelerate its Gyration, until the Conſecution of thoſe Co- 
lours be ſo quick, that you cannot diſtinguiſh them ſeverally, the reſulting 
Colour will be a Whiteneſs perfectly like that, which an unrefracted Beam of 
Light exhibits, when in like manner ſucceſſively interrupted by the Spokes or 
Coggs of that circulating Wheel. And that this Whitenels is produced by a 
ſucceſſive Intermixture of the Colours, without their being aſſimilated, or 
reduced to any Uniformity, is certainly beyond all Doubt, unleſs Things that 
exiſt not at the ſame time, may notwithitanding act on one another. 
There are yet other Circumſtances, by which the Truth might have been 
decided; as by viewing the white Concourſe of the Colours through another 
P riſm placed cloſe to the Eye, by whoſe Refraction that Whiteneſs may ap- 
pear again transformed into Colours: And then, to examine their Origin, if = 
an Aſſiſtant intercept any of the Colours ac the Lens before their Arrival at the $8 
W hireneſs, the ſame Colours will vaniſh from amongſt thoſe, into which that C 
 Whitenels is converted by the fecond Priſm. Now, if the Rays which diſap- 
pear be the ſame with thoſe that are intercepted, then it muſt beacknowledg- 
ed, that the ſecond Priſm makes no new Colours in any Rays, which were 
not in them before their Concourſe at the Paper. Which is a plain Indication, 
that the Rays of ſeveral Colours remain diſtinct from one another in the White- 
nels, and that from their previous Diſpoſitions are derived the Colours of the 
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ſecond Priſm. And, by the wa 
applied to their Refrangibility. 
The aforeſaid Wheel may alſo here be made uſe of; and, if its Gyration be 
9 neither too quick nor too ſlow, the Succeſſion of the Colours may be diſcern'd 
4 thro' the Priſm, whilſt to the naked Eye of a By- ſtander they exhibit Whiteneſs. f 
IHĨ) bere is ſomething {till remaining to be ſaid of this Experiment. But this, 
I conceive, is enough to enforce it, and fo to decide the Controverſy. How- 
ever, I thall now proceed to ihew ſome other Ways of producing W hitenels 
by Mixtures, fince I perſuade my ſelf, that this Aſſertion above the reſt ap- 
pears paradoxical, and is with moſt Difficulty admitted. And becauſe the 
Animadverſor delires an Inſtance of it in Bodics of divers Colours, I ſhall 
begin with that. But in order thereto it muſt be conſider'd, that ſuch co- 
lour'd Bodies reflect but ſome part of the Light incident on them; as is vi- 
dent by the 13% Propeſition: And therefore the Light reflected from an 
Aggregate of them will be much weaken'd by the Loſs of many Rays. 
Whence a perfect and intenſe W hitenels is not to be expected, but rather a 
Colour between thoſe of Light and Shadow, or ſuch a Grey or dirty Co- 
lour as may be made by mixing White and Black together: 
And that ſuch a Colour will reſult, may be collected from the Colour of 
Duſt found in every Corner of an Ho5nwſe, which hath been obſerv'd to con- 
ſiſt of many colour'd Particles. There may alſo be produced the like dirty 
; Colour, by mixing ſeveral Painters Colours together. And rhe fame may be N 
9 effected by painting a Top (ſuch as Boys play with) of divers Colours. For 
* when it is made to circulate by whipping it, it will appear of ſuch a dirty 


17 Colour. | 1 
2 dw the compounding of theſe Colours is proper to my purpoſe, becauſe 
| they differ not from Whiteneſs in the Species of Colour, but only in a De- 
oree of Luminouſneſs: Which (did not the Animadverſor concede it) 1 
might thus evince. A Beam of the Sun's Light being tranſmitted into a dark- 
ned Room, if you illuminate a Sheet of white Paper by that Light, reflected 
from a Body of any Colour, the Paper will always appear of the Colour of 
that Body, by whoſe reflected Light it is illuminated. If it be a Red Body, 
the Paper will be Red; if a Green Body, it will be Green; and fo of the 
other Colours. The Reaſon 1s, that the Fibres or Threads, of which the 
Paper conſiſts, are all tranſparent and ſpecular ; and ſuch Subſtances are known m 
3 to reflect Colours without changing them. To know, therefore, to what 
Species of Colour a Grey belongs, place any Grey Body (ſuppoſe a Mixture 
of Painters Colours) in the ſaid Light, and the Paper being illuminated by 
1 its Reflection, ſhall appear White. And the ſame thin 
illuminated by Reflection from a Black Subſtance. 

Theſe therefore are all of one Species; but yet they ſeem diſtinguiſh'd not 
only by Degrees of Luminouſneſs, but alſo by ſome other Inequalities, whereby 
they become more harſh or pleaſant. And the Diſtinction ſeems to be, that 
Greys, and perhaps Blacks, are made by an uneven Defect of Light; conſiſting 
as it were of many little Veins or Streams, which differ either in Luminouſneſs, 
or in the unequal Diſtribution of diverſly colour'd Rays; ſuch as ought to be 
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y, what is ſaid of their Colours may be 
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cauſed by Reflection from a Mixture of White and Black, or of diverſly 
coloured Corpuſcles. But when ſuch imperfectly mix'd Light is by a ſecond 
Reflection from the Paper more evenly and uniformly blended, it becomes 
more pleaſant, and exhibits a faint or ſhadowed W hiteneſs. And that ſuch 


little Irregularities as theſe may cauſe theſe Differences, is not improbable, if 


we conſider, how much Variety may be cauſed in Sounds of the ſame Tone, 
by irregular and uneven Jarrings. And beſides, thoſe Differences are ſo little, 
that I have ſometimes doubred, whether they be any at all, when I have con- 
ſidered, that a Black and White 9 being placed together, the one in a 
ſtrong Light, and the other in a very taint. Light, ſo proportioned that the 
might appear equally luminous, it has been difficult to diſtinguiſh them, 
when viewed at Diſtance, unleſs when the Black ſeemed more Bluiſh, and 
the White Body in a Light till fainter, hath, in Compariſon of the Black 
Body, itſelf appeared Black. ova | 

This leads me to another Way of compounding Whiteneſs; which is, 


that, if four or five Bodies of the more eminent Colours, or a Paper painted 


all over in ſeveral Parts of it with thoſe ſeveral Colours in a due Proportion, 
be placed in the ſaid Beam of Light, the Light reflected from thoſe Colours 
to another White Paper, held at a convenient Diſtance, ſhall make that Pa- 


per appear White. If it be held too near the Colours, its Parts will ſeem | 


of thoſe Colours that are neareſt them; but by removing it further, that all 
its Parts may be equally illuminated by all the Colours, they will be more and 
more diluted, until they become perfectly White. And you may further ob- 
ſerve, that if any of the Colours be intercepted, the Paper will no longer 
appear White, but of the other Colours which are not intercepted. Now 
that this Whiteneſs is a Mixture of the ſeverally coloured Rays, falling con- 
fuſedly on the Paper, I ſee no reaſon to doubt of; becaule, if the Light 
became uniform and ſimilar before it fell confuſedly on the Paper, it muſt 
much more be uniform, when at greater Diſtance it falls on the Spectator's 
Eye; and ſo the Rays, which come from ſeveral Colours, would in no Qua- 
lities differ from one another, but all of them exhibit the ſame Colour to the 
Spectator, contrary to what he ſees. „ 5 
Not much unlike this Inſtance it is, that if a poliſh'd Piece of Metal be 
ſo placed, that the Colours appear in it as in a Looking- Glaſs, and then the 
Metal be made rough, that by a confuſed Reflection thoſe apparent Colours 
may be blended together, they ſhall diſappear, and by their Mixture cauſe 
the Metal to look White. 8 
But further to enforce this Experiment: If inſtead of the Paper, any White 
Froth conſiſting of ſmall Bubbles, be illuminated by Reflection from the afore- 
ſaid Colours, it ſhall to the naked Eye ſeem White, and yet through a good 
Microſcope the ſeveral Colours will appear diſtinct on the Bubbles, as if ſeen 
by Reflection from ſo many ſpherical Surfaces. With my naked Eye, being 
very near, I have alſo diſcerned the ſeveral Colours on each Bubble; and 
yet at a greater Diſtance, where I could not diſtinguiſh them apart, the Froth 
hath appeared entirely White. And at the ſame Diſtance, when I look'd in- 
tently, I have ſeen the Colours diſtinctiy on cach Bubble; and yet by ſtfaining 


* 
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my Eyes, as if I would look at ſomething afar off beyond them, thereby to 


render the Viſion confuſed, the Froth has appeared without any other Colour 
than Whiteneſs. And what is here ſaid of Froths, may eaſily be underſtood 
of the Paper, or Metal, in the foregoing Experiments. For their Parts are 
ſpecular Bodies, like theſe Bubbles; and perhaps with an excellent Microſcope, 
the Colours may allo be ſeen intermixedly reflected from them. 

In proportioning the ſeveral colour'd Bodies to produce thele Effects, 
there may be ſome Niceneſs; and it will be more convenient to make ule 
of the Colours of the Priſm, cait on a Wall, by whoſc Reflection the Pa- 
per, Metal, Froth, and other white Subſtances may be illuminated. And I 


_ uſually made my Trials this Way, becauſe I could better exclude any ſcatter- 


ing Light from mixing with the Colours to dilute them. | 

To this Way of compounding Whiteneſs may be referred that other, by 
mixing Light after it hath been trajected through tranſparently colour'd Sub- 
ſtances. For Inſtance, if no Light be admitted into a Room, but only through 
colour'd Glaſs, whoſe ſeveral Parts are of ſeveral Colours in a pretty equal 
Proportion; all white Things in the Room ſhall appear white, if they be not 
held too near the Glaſs: And yer this Light, with which they are illuminated, 
cannot poſſibly be uniform; becauſe, if the Rays, which at their Entrance 
are of divers Colours, do in their Progreſs through the Room ſuffer any Al- 


teration to be reduced to an Uniformity, the Glaſs would not in the remoteſt 


Parts of the Room appear of the very ſame Colour, which it doth when the 
Spectator's Eye is very near it: Nor would the Rays, when tranſmitted into 
another dark Room through a little Hole in an oppoſite Door or Partition- 


Wall, project on a Paper the Species or Repreſentation of the Glaſs in its 


proper Colours. 
And, by the by, this ſeems a very fit and cogent Inſtance of ſome other 
Parts of my Theory, and particularly of the 13th Propoſition. For in this 
Room all natural Bodics whatever appear in their proper Colours. And all 
the Phænomena of Colours in Nature, made either by Refraction or wirh- 
out 1t, are here the fame as in the open Air. Now the Light in this Room 
being ſuch a diſſimilar Mixture, as I have deſcribed in my Theory, the Cauſes 
of all theſe Phænomena mult be the ſame that I have here aſſign'd. And I ice 
no reaſon to ſuſpect, that the fame Phenomena ſhould have other Cauſes in 
the open Air. 3 5 To 
The Succels of this Experiment may be eaſily conjectured by the Ap- 
e r of Things in a Church or Chapel, whoſe Windows are of co— 
our'd Glaſs; or in the open Air, when it is illuſtrated with Clouds of va— 


rious Colours. F 
There are yet other Ways by which I have produced Whiteneſs; as by caſting 


ſeveral Colours from two or more Priſms upon the ſame Place; by refracting a 


Beam of Light with two or three Priſms ſucceſſively, to make the diverging 
Colours converge again; by reflecting one Colour to another, and by looking 
through a Priſmon an Object of many Colours; and (which is equivalent to 
the above-mention'd Way of mixing Colours by concave Wedges fill'd with 
colour'd Liquors) I haye obſcry'd the Shadows of a painted Glaſs- Window to 

| X 2 become 
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become White, where thoſe of many Colours have at a great Diſtance in- 
terfered. But yet for further Satisfaction, the Animadverſor may try, if he 
pleaſe, the Effects of four or five ſuch Wedges fill'd with Liquors of 
as many ſeveral Colours. N 2 
Beſides all theſe, the Colours of Water- bubbles, and other thin pellucid Sub- 
ſtances, afford ſeveral Inſtances of W hiteneſs produced by their Mixture; with 
one of which I ſhall conclude this Particular. Let ſome Water, in which a 
convenient Quantity of Soap or W aſhball is diſſolv'd, be agitated into Froth, 
and after that Froth has ſtood a while without further Agitation, 'till you ſee 
the Bubbles, of which it conſiſts, begin to break, there will appear a great 
Variety of Colours all over the Top ot every Bubble, if you view them near 
at hand; but if you view them at ſo great a Diſtance that you cannot diſtin- 
guiſh the Colours one from another, the Froth will appear perfectly White. 
Thus much concerning the Deſign and Subſtance of the Animadverſor's 
Conſiderations. There are yet ſome Particulars to be taken notice of, before 
I conclude ; as the Denial of the Experimentum Crucis. On this I choſe to 
lay the whole Streſs of my Diſcourſe ; which therefore was the principal Thing 
to have been objected againſt. But I cannot be convinced of its Inſufficiency b 
a bare Denial, without aſſigning a Reaſon for it. I am apt to believe ir has 
been miſunderſtood ; for otherwiſe it would have prevented the Diſcourſes a- 
bout rarefying and ſplitting of Rays; becauſe the Deſign of it is to ſhew, 
that Rays of divers Colours conſider'd apart, do at equal Incidences ſuffer 
unequal Refractions, without being ſplit, rarefy'd, or any ways dilated. ' 


Some Confideras VI. 1. Methinks that the moſt important Objection which is made againſt 
1 Mr. Newton by way of Query, is that, W hether there be more than two ſorts 
lours; from of Colours? For my part, I believe, that an Hypotheſis, that ſhould explain 
Paris, by-- - Mechanically, and by the Nature of Motion, the Colours Yellow, Green and 
Ae z. Blue, would be ſufficient for all the reſt, in regard thoſe others, being only 
more deeply charged, (as appears by the Priſms of Mr. Zok) do produce the 
dark or deep Red and Blue; and that of thete four all the other Colours may 
be compounded. Neither do I ſee why Mr. Newton doth not content him- 
ſelf with the two Colours, Yellow and Blue; for it will be much more eaſy 
to find any Hypotheſis by Motion, that may explicate theſe two Differences, 
than for ſo many Diverſities as there are, of other Colours. And 'till he hath 
found this Hypotheſis, he hath not taught us, what it is wherein conſiſts 
the Nature and Difference of Colours, but only this Accident (which cer- 
tainly is very conſiderable) of their different Refrangibility. 

As for the Compoſition of White made by all the Colours together, it may 
poſſibly be, that Yellow and Blue might alſo be ſufficient for that: Which is 
worth while to try; and it may be done by the Experiment which Mr. News- 
ton propoſeth, by receiving againſt a Wall of a darkned Room the Colours 
of the Priſm, and to caſt their reflected Light upon white Paper. Here you 
mult hinder the Colours of the Extremities, viz. the Red and Purple, from 
{triking againſt the Wall, and leave only the intermediate Colours, Yellow, 
Green and Blue, to ſee wherher the Light of theſe alone would not make the 


8 Paper 


1 N 
Paper appear White, as well as when they all gave Light. I even doubt, 
whether the lighteſt Place of the Yellow Colour may not all alone produce 
that Effect, and I mean to try it at the firſt Conveniency ; for this Thought 
never came into my Mind but juſt now. Mean time you may ſee, that if 
theſe Experiments do ſucceed, it can no more be ſaid, that all the Colours are 
neceſſary to compound White, and that ' tis very probable, that all the reſt are 
nothing but Degrees of Yellow and Blue, more or leſs charged. 

2. It ſeems to me, that N. takes an improper way of examining the Na- Anſwered, by 
ture of Colours, whilſt he proceeds upon compounding thoſe that are already N 
compounded. Perhaps he would ſooner ſatisfy himſelf by reſolving Light Aug. Ah. 1673 
into Colours, as far as may be done by Art, and then by examining the Pro- 
perties of thoſe Colours apart, and afterwards by trying the Effects of re- con- 
joining two or more, or all of thoſe; and laſtly, by ſeparating them again, to 
txamine what. Changes that Re- conjunction had wrought in them. I have 
formerly ſhew'd, That all Colours cannot practically be deriv'd out of the > 
Yellow and Blue, and conſequently that thoſe Hypotheſes are groundleſs 
which imply they may. If you ask what Colours cannot be derived out 

of Yellow and Blue? I anſwer, None of thoſe which I defined to be Origi- 
nal; and if he can ſhew by Experiment how they may, I will acknow-. ' 
ledge my ſelf in an Error. Nor is it caſier to frame an Hypotheſis by aſſu— 
ming only two original Colours, rather than an indefinite Variety; unleſs it 
be eaſier to ſuppoſe that there are but two Figures, Sizes, and Degrees of 
Velocity or Force of the Æthereal Corpuſcles or Pulſes, rather than an inde- 
finite Variety; which certainly would be a harſh Suppoſition. No Man 
wonders at the indefinite Variety of Waves of the Sea, or of Sands on the * 
Shore; but, were they all but two Sizes, it would be a very puzzling Phæno- 
menon. And [I ſhould think it as unaccountable, if the ſeveral Parts or Cor- 
puſcles, of which a ſhining Body conſiſts, which muſt be ſuppoſed of various 
Figures, Sizes and Motions, ſhould impreſs but two Sorts of Motion on the 
adjacent /Ethereal Medium, or any other way beget but two Sorts of Rays. 
Bur to examine pow Colours may be explain'd hypothetically, is beſides my 
2 Purpoſe. I never intended to ſhew wherein conſiſts the Nature and Diffe- 
Z rence of Colours, bur only to ſhew, that ge fatto they are original and immu- 
table Qualities of the Rays which exhibit them; and to leave it to others to 
explicate by mechanical Hypotheſes, the Nature and Difference of theſe Qua- 
lities; which I take to be no difficult Matter. But I would not be underſtood, 
as if their Difference conſiſted in the different Refrangibility of thoſe Rays; for 
that different Refrangibility conduces to their Production no otherwite, than by 
ſeparating the Rays whoſe Qualities they are. W hence it is, That the fame 
Rays exhibit the ſame Colours when ſeparated by any other Means; as by 
their different Reflexibility, a Quality not yet diſcourſed of. 

In the next Particular, where N. would ſhew, that it is not neceſſary to 
mix all Colours for the Production of Whitcz the Mixture of Yellow, 
Green and Blue, without Red and Violet, which he propounds for 
that End, will not produce White, but Green; and the brighteſt Part 
of the Yellow will afford no other Colour but Yellow, if the Experi- 
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ment be made in a Room well darkned, as it ought; becauſe the colour'd 
Light is much weakened by the Reflection, and ſo apt to be diluted by the 
mixing of any other ſcattering Light. But yet there is an Experiment or 
two formerly mention'd, by which I have produced white out of two Co- 
lours alone, and that variouſly z as out of Orange and a full Blue, and out of 
Red and a pale Blue, and out of Yellow and Violet, as allo out of other Pairs 
of intermediate Colours. The moſt convenient Experiment for performing 
this, was that of caſting the Colours of one Priſm upon thole of another, 
after a due Manner. But what N. can deduce from hence, I ſee not; for the 
two Colours were compounded of all others, and fo the reſulting White (to 
ſpeak properly) was compounded of them all, and only decompounded of 
thoſe two. For Inſtance, the Orange was compounded of Red, Orange, 
Yellow, and ſome Green; and the Blue, of Violet, full Blue, light Blue, 
and ſome Green, with all their intermediate Degrees; and conſequently the 
Orange and Blue together made an Aggregate of all Colours to conſtitute the 
White. Thus if of one mix Red, Orange, and Yellow Powders to make an 
Orange; and Green, Blue and Violet Colours to make a Blue; and laſtly, 
the two Mixtures to make a Grey; that Grey, though decompounded of no 
more than two Mixtures, is yet compounded of all the {ix Powders, as truly 
as if the Powders had been all mix'd at once. | 
This is fo plain, that I conceive there can be no further Scruple; eſpeci- 
ally to them who know how to examine, whether a Colour be ſimple or com- 
pounded, and of what Colours it is compounded z which having explain'd 
in another Place, I need not now repeat. If therefore N. would conclude 
any Thing, he muſt ſhew how White may be produced out of two uncom- 
pounded Colours: W hich when he hath done, I will further tell him, why 
he can conclude nothing from that. But I believe there cannot be found an 
Experiment of that Kind; becauſe, as I remember, I once try'd, by gra- 
dual Succeſſion, the Mixture of all Pairs of uncompounded Colours; and 
hough ſome of them were paler, and nearer to W hite than others, yet none 
_ * could be truly call'd White. But it being ſome Years fince this Trial was 
made, I remember not well the Circumſtances, and theretore recommend it 
to others to be try'd again. — 5 


A Reply, by 3. Seeing that Mr. Newwtoz maintains his Opinion with ſo much Concern, 
N . I liſt not to diſpute. But what means it, I pray, that he faith, Though I 
' ſhould ſbeꝛv him, that the White could be produced only of two uncompounded 
Colours, yet I could conclude nothing from that? And yet he hath affirm'd, that 

to compoſe the White, all primitive Colours are neceſſary. 190 

Anſwered, by 4. In my faying, that when Monſieur N. hath ſhewn how White may be 
4 | 5 x produced out of two uncompounded Colours, I will tell him, why he can conclude 
July, An. 1673. nothing from that; my Meaning was, That ſuch a White (were, there any ſuch ) 
would have different Properties from the White which I had reſpect to, when 

I deſcribed my Theory, that is, from the White of the Sun's immediate Light, 


of the ordinary Objects of our Senſes, and of all white Phænomena that have 


a hitherto fallen under my Obſervation. And thoſe different Properties would 
evince it to be of a different Conſtitution: Inſomuch, that ſuch a Production 


U 


* „„ 

of White would be ſo far from contradicting, that it would rather illuſtrate 
and confirm my Theory; becauſe by the Difference of that from other Whites, 
it would appear, that other Whites are not compounded of only two Colours 
like that. And therefore if Monſieur N. would prove any Thing, it is requi- 
ſite that he do not only produce out of two primitive Colours a White, 
which to the naked Eye ſhall appear like other Whites, but alſo ſhall agree 
with them in all other Properties. © 7 
But to let you underſtand wherein ſuch a White would differ from other 


Whites, and why from thence it would follow that other Whites are other- 


wiſe compounded, I ſhall lay down this Poſition. 
That a compounded Colour can be reſolved into no more ſimple Colours thau 
thoſe of which it is compounded. . oY 

This ſeems to be ſelf-evident, and I have alſo tried it ſeveral Ways, and 
particularly by this which follows: Let « repreſent an oblong Piece of White 
Paper about + or 7 of an Inch broad, and illuminated in a dark Room, with 


Fig. 76. 


a Mixture of two Colours caſt upon it from two Priſms, ſuppoſe a deep Blue 


and Scarlet, which mult ſeverally be as uncompounded as they can conveni- 
ently be made; then, at a convenient Diſtance, ſuppoſe of ſix or eight Vards, 
view it through a clear Triangular Glaſs or Cryſtal Priſm held parallel to the 
Paper, and you ſhall ſee the two Colours parted from one another in the Fa- 
ſhion of rwo Images of the Paper, as they are repreſented at & and yz where 
ſuppoſe 8& the Scarlet, and y the Blue, without Green, or any other Colour 
between them. : | 5 5 55 

Now from the aforeſaid Poſtion I deduce theſe two Conslu/ions; 1. That if 


there were found out a Way to compound White of two ſimple Colours 


only, that White would be again reſolvable into no more than two. 
2. That if other Whites, as that of the Sun's Light, c. be reſolvable into 
more than two {imple Colours (as I find by Experiment that they are) then 
they muſt be compounded of more than two. — 0 

To make this plainer, ſuppoſe that A repreſents a white Body, illumina- 


ted by a direct Beam of the Sun tranſmitted through a ſmall Hole into a 


dark Room, and « ſuch another Body, illuminated by a Mixture of two 


ſimple Colours; which, if poſſible, may make it alfo appear of a white Co- 


lour exactly like A: Then, at a convenient Diſtance, view theſe two Whites 
through a Priſm, and A will be changed into a Series of all Colours, Red, 


Yellow, Green, Blue, Purple, with their intermediate Degrees ſucceeding 


in Order from B to C. But a, according to the aforeſaid Experiment, will 
only yield choſe two Colours of which it was compounded, and thoſe not 


conterminate like the Colours at BC, but ſeparate from one another, as at 


8 and y, by means of the different Refrangibility of the Rays to which 
they belong. And thus by comparing theſe two W hites, they would ap- 
pear to be of a different Conſtitution, and A to conſiſt of more Colours 
than a. So that what Monſicur NV. contends for, would rather advance my 


Theory by the Acceſs of a new Kind of White, than conclude againſt it. 


But I fee no Hopes of compounding ſuch a White. 


1 


1 : | L 150 ) . 
4 As for Monſieur N. his Expreſſion, That I maintain my Doftrine with ſome 1 
1 Concern, I confels it was a little ungrateful to me, to meet with Objections 0 
5 which had been anſwer'd before, without having the leaſt Reaſon given me 3 
i ri. Suppl. p, why thoſe Anſwers were inſufficient. Thoſe Antwers were to ſhew, that 3 
5 149. & eq. there are other ſimple Colours beſides Blue and Yellow I inſtanced in a ſim- F 
Wo ple or homogeneal Green, ſuch as cannot be made by mixing Blue and Yellow, 3 
= or any other Colours. And I allo ſhew'd why, ſuppoſing that all Colours Y 
41 might be produced out of two, yet it would not follow that thoſe two are I 
#14 the only original Colours. The Reaſons I deſire you would compare with I 
1 what hath now been {aid of White. And ſo the Neceſſity of all Colours to I 
. produce White, might have appear'd by that Experiment, where I ſay, That 4 
a if any Colour at the Lens be intercepted, the W hicenels (which is compounded 4 
18 of them ail) will be changed into (the Reſult of) the other Colours. F 
16 However, ſince there ſeems to have happen'd ſome Miſunderſtanding be- L 
8 tween us, I {hall endeavour to explain my ſelf a lirtle further in theſe Things, 6 
#1 CY to the following Method. L 
1 Definitions. ] r. I call that Light homogeneal, fimilar or uniform, whoſe 3 
bl. Rays are equally refrangible. I 
Af 2. And that heterogeneal, whoſe Rays are unequally refrangible. _—_ 
"vl Note. There are but three Aﬀections of Light, in which I have obſerved 
1710 its Rays to differ, viz. Refrangibility, Reflexivility and Colour; and thoſe I 
F. Rays which agree in Refrangibility, agree allo in the other two, and 
Wis therefore may well be defined homogeneal, eſpecially ſince Men ulually | 
1 call thoſe Things homogeneal, which are ſo in all Qualities that come 2 
IN : under their Knowledge, tho” in other Qualities, that their Knowledge 5 
Flt extends not to, there may poſſibly be ſome Heterogeneity. 
0 . Thoſe S I call ſimple, or homogeneal, which arc exhibited by 
yg homogeneal Light. 2 
Fi 4. And thoſe compounded or heterogeneal, which are exhibited by hetero- 1 
1 geneal Light. 1 
4 5. Different Colours, I call not only the more eminent 88 Red, Yel- 7 
= low, Green, Blue, Purple, but all other the minuteſt Gradations much Z 
i U after the ſame manner that not only the more eminent Degrees in Muſick, 1 
A bur all the leaſt Gradations are eſteemed different Sounds. _ 
1 Propof tions. ] 1 1. The Sun's Light conſiſts of Rays differing by indefinite L 
W's Degrees of Refrangibility. 1 
f 2. Rays whic __ 11 Refrangibility 1 parted from one her do 2 
| _ proportionally differ in the Colours which they exhibit. Theſe two Frnpe. 5 


ſitions are Matter of Fact. 


There are as many ſimple or homogeneal Colours, as Degrees of Re- 
frangibility; For to every Degree of Refrangibility belongs a different Co- 3 
lour, by Prop. 2. and that Colour i is ſimple, by Def. 1, an (3: 5 
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nation of a quiet Medium. And as for heterogeneal Light, it is but an Ag- 


long to be here deſcribed. 


ction, which were not commixt in it before; becauſe by Prop. 7 and 8. Re— 
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4. Whiteneſs, in all Reſpects like that of the Sun's immediate Light, and - 
of all the uſual Objects of our Senſes, cannot be compounded of two Simple ö 
Colours alone: For ſuch a Compoſition muſt be made by Rays that have | f 


only two Degrees of Refrangibility, by Def. 1, and 3; and therefore it can- 


not be like that of the Sun's Light, by Prop. 1; nor, for the ſame Reaſon, 
like that of ordinary white Objects. e 

7. Whitenels, in all Reſpects like that of the Sun's immediate Light, can- 
not be compounded of Simple Colours, without an indefinite Variety of 
them: For to ſuch a Compoſition there are requiſite Rays endued with all 
the indefinite Degrees of Refrangibility, by Prop. 1. And thoſe infer as 
many Simple Colours, by Def. 1, and 3. and Prop. 2, and 3. 

To make thele a little plainer, I have added alſo the Propoſitions that follow. _ | 
6. The Rays of Light do not act on one another in paſſing through the G 
ſame Medium. This appears by ſeveral former Paſſages, and is capable of 
further Proof. . 5 
. 7. The Rays of Light ſuffer not any Change of their Qualitics from Re- 
raction. 8 | * gf 

8. Nor afterwards from the adjacent quiet Medium. Theſe two Propoſi— 
tions are manifeſt de facto in homogeneal Light, whoſe Colour and Retran- 


gibility 1s not art all changeable, either by Refraction, or by the Contermi- 


gregate of ſeveral Sorts of homogeneal Light; no one Sort of which ſuffers 
any more Alteration than if it were alone, becauſe the Rays act not on one 
another, by Prop. 6. and therefore the Aggregate can fuffer none. Theſe 
two Propoſitions alſo might be further proved apart by Experiments, too 


9. There can no homogeneal Colours be educe out of Light by Refra- Oh 


fraction changeth not the Qualities of the Rays, but only ſeparates thoſe 
which have diverſe Qualities, by means of the different Retrangibility. _ 

10. The Sun's Light is an Aggregate of an indefinite Variety of homoge- 
neal Colours; by Prop. 1, 3, and v. And hence it is, that I call homoge- 
neal Colours alſo primitive or original. . 

VII. 1. I doubt not of what Mr. Newton affirms; and have my ſelf ſome- ee 
times in like Circumſtances obſerved the like Difference between the Length 2 * 
and Breadth of the coloured Spectrum; but never found it ſo when the Sky was , by Mr. 


clear and free from Clouds, near the Sun: Bur then only appeared this Diffe- N. E995 | 


. . . Ne 110. f. 217. 
rence of Length and Breadth, when the Sun either ſhined thro” a white Cloud, Jan. An, 1675. 


or enlightned ſome ſuch Clouds near unto it. And then indeed it was no mar- 
vel, the ſaid Sperum ſhould be longer than broad; ſince the Cloud or Clouds 


ſo enlightned, were in order to thoſe Colours like to a great Sun, making a 


far greater Angle of Interſection in the Hole, than the true Rays of the Sun 
do make; and therefore are able to enlighten the whole Length of the Priſm, 
and not only ſome ſmall part thereof, as we ſee enlightned by the true Sun- 


Beams coming thro' the ſame little Hole. And this we behold allo in the 


Vol. I. b true 


true Sun-Beams, when they enlighten the whole Priſm for altho' in a clear 


Heaven, the Rays of the Sun paſſing thro' the ſaid Hole, never make a 


Spectrum longer than broad, becauſe they then can occupy but a ſmall Part 


of the Prim ; yet if the Hole be fo much bigger as to cnlighten the whole 


Priſm, you thall preſently fee the Length of the Spectrum much exceed its 
Breadth; which Exceſs will be always ſo much the greater, as the Length of 
the Priſm excceds its Breadth. From whence conclude, That the Spectrum, 
this Learned Author ſaw, much longer than broad, was not effected by the 


true Sun- Beams, but by Rays proceeding from ſome bright Cloud, as is ſaid ; 


and by Conſequence, that the Thgory of Light grounded upon that Experiment 
cannot ſubſiſt. 


What I have here ſaid, needs no other Confirmation than meer Experience, 


which any one may quickly try: neither have I only tried the fame upon this 


Occaſion, but near 30 Years ago ſhew'd the ſame, together with divers other 


Experiments of Light, to that worthy Promoter of Experimental Philoſophy, 


A, Leige. 


Anſwered by 
N 10. . 219, 
Jau. An. 1675. 


A Reply by Mr, 
Fr. Linus. 

N. 121. p. 499. 
Jan. An. 1676. 


Sir Kenelm Digby, who coming into theſe Parts to take the Hau- Waters, re- 


ſorted oftentimes to my darkned Chamber *, to ſee the various Phænomena 


of Light, made by divers Retractions and Reflections, and took Notes upon 
them; which Induſtry if they alto had us'd, who endeavour to explicate the 
aforeſaid Difference between the Length and Breadth of this colour'd Speftrum, 


by the received Laws of Refraction, would never have taken ſo impoſſible a 


Task in Hand. „ Tn 
2. Theſe Animadverſtons ſeem to need no other Anſwer but this, that you 


would be pleaſed to conſider the Scheme in Mr. Newton's ſecond Anſwer to 


P. Parites, and reit aſſured, that the Experiment, as tis repreſented, was tried 
in clear Days, and the Pritm placed clole ro the Hole in the Window, fo that 
the Light had no room to diverge, and the coloured Image made not parallel 
(as in that Conjecture) bur tranſverſe to the Axis of the Priſm. 


2. if theſe Aſſertions be admitted, they do indeed directly cut off what 1 


ſaid of Mr. Neroton's being deceived by a bright Cloud. But if we compare 
them wich Mr. Newtoz's firſt Relation of the Experiment, it will evident! 


appear, they cannot be admitted, as being directly contrary to what is there 
delivered. For there he tells us, The Ends of the coloured. Image, he ſaw on the 


oppoſite Hall, near five times as long as broad, ſeemed to be ſemicircular. Now 
thele ſemicircular Ends are never ſeen in a clear Day, as Experience ſhews. 
From whence follows againſt the t Aſſertion, that the Experiment was not 
made in a clear Day. Neither are thoſe ſemicircular Ends ever .ſeen when the 
Priſm is placed cloſe to the Hole; which contradicts the /econd Aſſertion. 
Neither are they ever ſeen when the Image is tranſverſe to the Length or Axis 
of the Priſim; which directly oppoſes the ird Aſſertion. But if in any of 


theſe three Caſes, the Image be made fo much longer than broad (as eaſily 


like the Flame of a Candle, and the other into a Cone ſome what more 
blunt; both which are far from ſeeming ſemicircular : Whereas, if the 


it may, by turning the Priim a little about its Axis, near five times as long as 
broad) then the one End thereof will run out into a ſharp Cone or Pyramis 


Image be made not in a clear Day but with a bright Cloud, and the Priſm not 
70 | 8 . placed 


6160 
placed cloſe to the Hole but ina competent Diſtance from the ſame, then theſo 
temicircular Ends always appear, with the Sides thereof, ſtreight Lines, juſt 
as Mr. Newton deſcribes them. Neither is the Length of the Image tranſverſe, 
but parallel to the Length of the Priſm. Out of all which evidently follows, 
that the Experiment was not made in a clear Day; nor with the Priſm cloſe 
1 to the Hole; nor yet with the Image tranſverſe, but by a bright Cloud and 
' 3 a parallel Image (as I conjectured); and I hope you will alſo now ſay, I had 
7 good Realon ſo to conjecture, ſince it fo well agrees with the Relation. And 
Experience will allo thew you, if you pleaſe to make Trial, as it was made 
| in a dark Chamber, and oblerve the Difference between fuch an Image made 
| 3 by-a bright Cloud, and another made by „ Rays of the Sun: 
Por the former you ſhall always find parallel, with the Ends ſcmicircular; 
£ bur the latter you ſhall find tranſverſe, with the Ends pyramidical, as aforc- 
3 laid, whenfoever it appears fo much longer than broad. 
I More might be ſaid out of the ſame Relation, to ſhew that the Image was not 
tranſverſe. For if it had been tranſverſe, Mr. Newton, ſo well skill'd in Opticts, 
could not have been ſurprized (as he ſays he was) to ſee the Length thereof fo 
| J much to exceed the Breadth; it being a Thing ſo obvious and eaſy to be ex- 
plicated-by the ordinary Rules of Refraction. That other Place alſo (where 
| he ſays the Incident Refractions were made in the Experiment equal to the | 
1 Emergent) proves again, that the ſaid oblong Image was not tranſverſe, bur 
1 parallel. For it is impoſſible the tranſverſe Image thould be fo much longer 
7 than broad, unleſs thoſe to Refractions be made very unequal; as both the Com- 
putation according to the common Rules of Refraction, and Experience teſtify. 
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4. What it is that impoſes upon Mr. Line I cannot imagine; but I ſuſpect e My 
he has not try'd the Experiment ſince he acquainted himſelf with my Theory, r _ 
but depends upon his old Notions, taken up before he had any Hint given N. 123. 5.356. 
to oblerve the Figure of the coloured Image. I ſhall deſire him therefore, Mar. An. 1676. 
before he returns any Anſwer, to try it once more for his Satisfaction, and 
1 according to this Manner. EE ET 
F Let him take any Priſm, and hold it fo that its Axis may be perpendicular 
1 to the Sun's Rays, and in this Poſture let it be placed as cloſe as may be 
to the Hole through which the Sun ſhines into a dark Room, which Hole 
may be about the Bigneſs of a Pea. Then let him turn the Priſm flow! 
about its Axis, and he ſhall fee the Colours move upon the oppoſite Wall, 
* firlt towards that Place to which the Sun's direct Line would paſs, if the 
: 2 Priſm were taken away, and then back again. When they are in the Mid- 
_ dle of theſe two contrary Motions, that is, when they are neareſt that Place 
to which the Sun's direct Ray tends, there let him ſtop; for then are the 
Rays equally refracted on both Sides the Priſm. In this Poſture of the Pritm 
let him obſerve the Figure of the Colours, and he ſhall find it not round, as 
he contends, but oblong, and ſo much the more oblong as the Angle of the 
Priſm, comprehended by the retracting Planes, is bigger, and the Wall, on 
which the Colours are caſt, more diſtant frora the Priſm; the Colours Red, 
Yellow, Green, Blue, Purple, ſucceeding in Order, not from one Side of the 
Figure to the other, as in Mr. Line's Conjecture, but from one End to the 


* + | other ; 


—ͤ—— ——— 
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. other; and the Length of the Figure being not parallel but tranſverſe to the 
Axis of the Priſm. After this manner 1 uſed to try the Experiment; and 
it will not ſucceed well if the Day be not clear, and the Priſm placed cloſe to 
the Hole, or ſo near at leaſt, that all the Sun's Light that comes from the 
Hole may paſs through the Priſm alſo, ſo as to appear in a round Form, if 
intercepted by a Paper immediately after it has paſſed the Priſm. 
When Mr. Line has try'd this, I could with he would proceed a little fur- 
ther, to try that which I call'd the Experimentum Crucis. For when he has 
try'd them (which by his denying them, I know he has not done yet as they 
ſhould be try'd) I preſume he will reſt ſatisfied. It may be try'd (tho' nor 
| ſo perfectly) even without darkning a Room, or the Expence of any more 
| Time than half a Quarter of an Hour. : : 
| The Experiment 5. Mr. Linus (now deceaſed) try'd the Experiment again and again, and 
| 3 An called divers on purpoſe to ſec it, nor ever made Difficulty to ſhew it to any 4 
ah ed 9) 4 . . | . . > 
| Mr. Gaſcoigne, one, Who either by Chance came into his Chamber as he was doing ir, or I 
| N. 121. f. 593: ſhewed the leaſt Deſire to ſee the ſame ; ſo that for Point of Experience, Mr. Z 
. Jan. An, 1676. Newt cannot be more confident on his Side, than we are here on the other; 
| who are fully perſuaded, that, unleſs the Diverſity of placing the Priſm, or 4 
the Bigneſs of the Hole, or ſome other ſuch Circumſtance, be the Cauſe of 
| the Difference betwixt them, Mr. Newzoz's Experiment will hardly ſtand. 
© Unſmered by 6. By Mr. Gaſcoigne's Letter one might ſuſpect, that Mr. Linus try'd the 
= 3 Experiment ſome other Way than I did; and therefore I ſhall expect, till his 
2 $436. 123 Friends have try'd it according to my late Directions. In which Trial,it may 
Mar. An. 1676 poſſibly be a further Guidance to them, to acquaint them that the belt cal 
from it ſeveral Images. One is, that oblong One of Colours which I mean 
and this is made by two Refractions only. Another there is made by two 
Refractions and an intervening Reflection; and this is round and colourleſs, 
if the Angles of the Priſm be exactly equal; but if the Angles at the reflect- 
ing Baſe be not equal, it will be colour'd, and that ſo much the more, by 
how much unequaller the Angles are, but yet much more unround, unleſs the 
Angles be very unequal. A third Image there is, made by one ſingle Re- 
flection, and this is always round and colourleſs. The only Danger is, in 
| miſtaking the Second for the Firſt. But they are diſtinguiſhable not only by 
the Length and lively Colours of the Fir, but by its different Motion too: 
For, whilſt the Priſm is turned continually the ſame Way about its Axis, the 
Second and Third move ſwiftly, and go always on the fame Way, till the 
diſappear ; but the Fiſt moves flow, and grows continually flower, till it be 
Stationary, and then turns back again, and goes back faſter and faſter, till it 
vaniſh in the Place where it began to appear. V 
| | If, without darkning their Room, they hold the Priſm at their Window 
in the Sun's open Light, in ſuch a Poſture that its Axis be perpendicular to 
the Sun-Beams, and then turn it about its Axis, they cannot miſs of ſeeing 
the firſt Image; which having found, they may double up a Paper once or 
twice, and make a round Hole in the middle of it, about ;; or 3 of an Inch 
— broad, and hold the Paper immediately before the Priſm, that the Sun ma 
ſhine on the Priſm through that Hole; and the Priſm being ſtayed, and 
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held ſteady in that Poſture which makes the Image ſtationary, if the Ima 
then fall directly on an oppoſite Wall, or on a Sheet of Paper placed at 2 
Wall, ſuppoſe 15 or 20 Foot from the Priſm, or further off; they will ſee 
the Image in ſuch an oblong Figure as I have deſcribed, with the Red at 
one End, the Violet at the other, and the bluiſh Green in the Middle: And 
if they obſcure their Room as much as they can, by drawing Curtains, or 
otherwiſe, it will make the Colours the more conſpicuous. 

This Direction | have ſet down, that no Body, into whoſe Hands a Priſm 
| ſhall happen, may find Difficulty and Trouble in trying it. But when Mr. 
Linus's Friends have try'd it thus, they may proceed to repeat it in a dark 
Room, with a leſs Hole made in their Window-ſhut. And then I ſhall 
defire that they will ſend a full and clear Deſcription how they try'd it. I. 
| ſhould be glad too, if they will favour me with a Deſcription of the Expe— 

riment as it hath been hitherto try'd by Mr. Liazs; that I may have an Op- 
portunity to conſider what there is in that which makes againſt me. 

7. Mr. Ga/coigne wanting Convenience to make the Experiment, according 
to the freſh Directions from Mr. Newtroz, requeſted me to ſupply this Want. 

The vertical Angle of my Priſm was 60 Degrees; the Diſtance of the Wall, 
whereon the coloured Spectrum appeared, from the Window, about 18 Foot; 


Exceptions by 
rr. Lucas. 

N. 128. p. 692. 
Aug. An. 1676. 


the Diameter of the Hole in the Window-ſhuts about + Inch, which, upon“ 


Occaſions, I contracted to half the ſaid Diameter, but ſtill with equal Succeſs 
as to the main of the Experiment. The Refractions on both Sides the Priſm 
were, as near as I could make them, equal; and conſequently about 48 Deg. 
40 Min. the refractive Power of Glaſs being computed according to the Ratio 
of the Sines 2 to 3. The Diſtance of the Priſm from the Hole in the Shuts 
was about 2 Inches; the Room darkned to that Degree as to equal the darkeſt 
Night, while the Hole in the Shuts was covered. 
Now as to the Iſſue of my Trials; I conſtantly found the Length of the 
coloured Image (tranſverſe to the Axis of the Priſm\) conſiderably greater 
than its Breadth, as often as the Experiment was made on a clear Day; but 


if a bright Cloud were near the Sun, I found it ſometimes exactly as Mr. Line 


wrote to you, namely, broader than long, eſpecially while the Priſm was 
placed at a great Diſtance from the Hole: Which Experiment will not, I con- 
ceive, bequeſtion'd by Mr. Newton, it being fo agreeable to the received Laws 
of Refractions. And indeed the Obſervations of theſe two learned Perſons, 
das to this Particular, are eaſily reconcileable to each other, and both to Truth 
Mr. Newton contending only for the Length of the Image (tranſverſe to the 
Axis of the Priſm) in a very clear Nay; whereas Mr. Line only maintained 


the Exceſs of Breadth, parallel to the ſame Axis, while the Sun is in a bright 


Cloud. Tho' as to what is further deliver'd by Mr. Newton, and oppoled 
by Mr. Line, namely, that the Length of the coloured Image was five times 
the Diameter of its Breadth; I never yet have found the Exceſs above thrice 
the Diameter, or at moſt 3 4, while the Refractions on both Sides the Priſm 
were equal. So much as to the Matter of Fact: : | 

Now as to Mr. Newton's Theory of Light and Colours, 1 confeſs his neat 


Sett of yery Ingenious and Natural Inferences was to me, upon the firſt 
| 3 | Peruſal, 


; 
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Peruſal, a ſtrong Conjecture in Favour of his new Doctrine; I having for- 

merly obſerved the like Chain of Inferences upon Search into natural Truths. 

Bur ſince ſeveral Experiments of Refractions remain {till untouched by him, 

I conceived a further Search into them would be yery proper, in order to a 
further Diſcovery of the Truth of his Aſſertion. For accordingly as they 

are found, cither agreeing with, or diſagreeing from his new Theory, they | 

muſt needs much ſtrengthen, or wholly overthrow the ſame. The Experi- 
ments J pitched upon for this Purpoſe are as follow: 


1. Having frequently obſerved, that the Form of Objects viewed in the 1 
Microſcope (or rather of the Microſcope it ſelf) conſiſts almoſt in an indi— 
viſible Point, I concluded two very ſmall Pieces of Silk, the one Scarlet, the 
other Violet Colour, placed near together, ſhould, according to Mr. Newtoz's 1 
Theory, appear in the Microſcope in a very different Degree of Clarity, in 
regard their unequal Refrangibility muſt cauſe the Scarlet Rays, or Spccics, 
to over-reach the Retina, while placed in the due Focus of the Violet ones, 
and conſequently mult occaſion a ſenſible Confuſion in the Viſion of the for- 
mer, one and the ſame Point of the Scarlet Object affecting ſeveral Nerves in 
the Retina, Yet upon frequent Trials I have not been able to perceive any 
Inequality in this Point. 5 
2. The ſecond Experiment I made in Water. I took a Braſs Ruler, and 
faſtning rhereunto ſeveral Pieces of Silk, Red, Yellow, Green, Blue, and 
Violet, I placed it at the bottom of a Square Veſſel of Water: Then I re- 
tired from the Veſſel fo far, as not to be able to ſee the aforeſaid Ruler and co- 
loured Silks, otherwiſe than by the Help of the refracted Ray. Now, did 
Mr. Newton's Doctrine hold, I conceived I ſhould not ſee all the mentioned 
Colours in a ſtreight Line with the Ruler, in regard the unequal Refrangi- 
bility of different Rays mult needs diſplace ſome more than others. Vet in 
Effect, upon many Trials, I conſtantly found them in as ſtreight a Line, as 
the bare Ruler had appeared in. „„ 
3. To advance this Experiment, I adjoined a ſecond Refraction to the 
former of Water, by placing my Priſm ſo, as to receive perpendicularly the 
refracted Species of the Silk and Ruler; whereby only the emergent Species 
ſuffered a ſecond Refraction: but ſtill with equal Succeſs, as to their appear- 
ing in a ſtreight Line to the Eye placed behind the Priſm. 
4. To theſe two Refractions I further added a third, by receiving the co- 
loured Species obliquely upon the Priſm; whereby both incident and emer- 
gent Species ſuffered their reſpective Refractions: But till with the ſame 
Succeſs as formerly, as to the ſtreight Line they appeared in. 1 1 
For further Aſſurance in this Experiment, leſt Prepoſſeſſion, occaſion'd 1 
from previous Knowledge of the Silk's Situation in a ſtreight Line, might 13 
poſſibly prejudice the Judgment of. the Eve (as ſometimes I have obſerv'd 33 
to happen to the Judgment the Eye paſieth upon the Diſtance of Objects) 1 1 
call'd into the Room ſome unconcern'd Perſons, wheity ignorant of what 
the Experiment aim'd at; and demanding whether they ſaw not the coloured 
Silks and Ruler in a crooked Line, they anſwer'd in the Negative. 


=, 


7. The 
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7. The next Experiment J made in uncompounded Colours (as Mr. Newton 


4 terms them, Prop. 7. & 13.) as follows. Having caſt two coloured Images 
Z upon the Wall, ſo as the Scarlet Colour of the one did fall in a ſtreight Line 


(parallel to the Horizon) with the Violet of the other; I then looked upon 
both through another Priſm, and found them ftill appear in a ſtreight Line 
parallel to the Horizon, as they had formerly done to the naked Eye. Now 
according to Mr. Newton's Aſſertion of different Refrangibility in different 
0 Rays, I conceive the Violet Rays ſhould ſuffer a greater Refraction in the 
Priſm at the Eye, than the Scarlet ones; and conlequently both Colours 
3 ſhould not appear in a ſtreight Line parallel to the Horizon. | 
. = 6. Another Experiment I made, in order to ſome further Diſcovery of 
© that ſurprizing Phenomenon of the coloured Image, which occaſioned Mr. 
3 Newton's ingenious Theory of Light and Colours, as alſo of his excellent In- 
vention of the reflecting I eleſcope and Microſcope. Having then ſometimes 
ſuſpected, that not only the direct Sun- Beams, but alſo other extraneous 
Light, might pothbly influence the coloured Sp2&rum, I hoped to diſcover 
the Truth of this Suſpicion by means of the Sun-Spots, made to appear in the 
coloured Image, by placing a Teleſcope behind rhe Priſm. But my Endea- 
vours proving ineffectual herein, by reaſon of fome intervening Difficulties, 
I thought at length of a more feaſible Method, in order to the deſigned Diſ- 
covery; as in the following Experiment. Ts 7 
I faſtned a very white Paper-Circle (about an Inch in Diameter) upon my Fig. 77. 
Window-ſhuts; and beholding it thro* my Priſm, I found a coloured Image 
painted thereby upon my Retina, anſwerable in almolt all reſpects to the for- | 
mer of the Sun-Bcams upon the Wall, eſpecially when the Paper-Circle was | 
indifferently well illuminated. This Image indecd appeared contrary to the 
former, as to the Situation of Colours, that is, the Scarlet appearing above, 
the Violet below, tho' but faint. But this I was not ſurprized at, having 8 
obſerved upon diſſecting the Eye, that Objects are painted on the Retina after N 
a contrary Poſture to what they appear to ſight. Having thus rendered the 5 
coloured Image much more tractable than formerly it was, 1 conceived good | 
Hopes of ſome further Diſcovery in the Point mentioned. 
In Purſuance then of my former Suſpicion, having fixed my Priſm in a 
' ſteady Poſture, I cauſed the Paper C to be applied cloſeup to rhEPaper-Circle 
240; whereupon the former Violet , and the Scarlet Colour of C, vanifhed 
| into Whitenels. Next | removed the mentioned (Circle from the Shuts, and 
placed it in the open Window, ſupported only by the Edge d: whereupon, to 
my Aſtoniſhment, all the former Colours exchi1ged Poſtures in the Retina; 
the Scarlet now appearing below, the Violet above, the intermediate Ce- 
lours ſcarce diſcernible. And here, by the by, 'tis very remarkable, that du- 
ring this Obſervation I clearly perceived both Blue and Scarlet Light to be 
tranſparent, I being able to diſcern ſeveral O hiects thro? both, rimely, Stee- 
ples oppoſite to my Window: W hence it ollows, that thefe {olours do in 
great Part ariſe from the neighbouring The. Laſtly, I placed the Paper- 
Circle anew, fo as the one half þ was %.ined to the Shuts, the other Semi- 
circle a being expoſed to the open Air. Whereupon the Semicircle 2 be- 
| Came 
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came bordered with Violet above, Scarlet below; but the other Semicircle 
6, quite contrary. Hence I make the following Inferences. 


: ( 168 ) 


Firſt, That not only the Light reflected from the Paper-Circle, bur alſo 


from the ambient Air, hath great Influence upon the coloured Image, eſpe- 


cially as to the Violet and Scarlet Colours. W hence, perchance, it will not 
hercafter ſeem ſtrange, that che coloured Spectrum on the Walls is fo long, but 


only that the Breadth is not greater. Secondly, Were there a more lumi- 


nous Body behind the Sun, we ſhould in all likelihogd have the Colours of 


the Spectrum in a contrary Situation to what they appear in at preſent : 


Whence ( Thirdly) it ſeems to follow, that the preſent Situation and Order 


of Colours ariſeth not from any intrinſical Property of Refrangibility, (as main- 


tained by Mr. Newton) but from contingent and extrinſical Circumſtances of 
neighbouring Objects: For accordingly as the Body behind the Paper-Circle 


was more or leſs illuminated than the Circle it ſelf, all the ſeveral Colours 


changed their Situation. 5 | 
8. The next Experiment was made in Order to Mr. Newton's Doctrine 
of primary Colours, as Prop. 7. Having covered the Hole in the Window- 


ſhuts with a thin Slice of Ivory, the tranſmitted Light appeared Yellow ; 


but upon adding three, four, or more Slices, it became Red. Whence it 
ſeems to follow, that Yellowneſs of Light is not a primary Colour, but a 


Compound of Red, Se. „ 
9. The laſt Experiment was made in reference to Mr. Newton's 12th Prop. 
where from his own Principles he renders a very plauſible Reaſon of a ſur- 


prizing Phænomenon, related by Mr. Hoke; namely, of two Liquors, the 
one Blue, and the other Red, both ſeverally tranſparent ; yer both, if placed 


together, became opake. The Reaſon whereof, ſaith Mr. Newton, is, be- 
cauſe if one Liquor tranſmitted only Red, the other only Blue, no Rays 
could pals thro' both. Ee | . 

In reference then to this Point, I filled two ſmall Glaſſes with flat poliſh- 
ed Bottoms, the one with Agua fortis deeply died Blue, the other with Oil 


of Turpentine died Red, both to that Degree, as to repreſent all Objects thro? 


them reſpectively Blue or Red: Then placing the one upon the other, I was 
able to diſcern ſeveral Bodies thro' both. Whereas, according to Mr. New- 
ton's Theory, no Object ſhould appear thro' both Liquors; becauſe if one 
tranſmit only Red, the other only Blue, no Rays can paſs thro” both. 


P. 8. Juſt upon the cloſe of the adjoined Letter, I received from Mr. Gaſcoigne 
yours of May the 4th; wherein you are pleaſed to favour us with an exact Ac- 

count of the famous Experiment of the coloured Spectrum, lately exhibited before 
the Royal Society. [I was much rejoiced to ſee the Trials of that Illuſtrious 
Company agree ſo exatlly with ours here; tho in ſomewhat ours diſagree from 
% ic 


8. The Things oppoſed by Mr. Lize being upon Traals found true and grant- 
ed me, I begin with the new Queſtion about the Proportion of the Length 


of the Image to its Breadth: And it is no wonder that Mr. Lacas found the 
: | CT | Image 
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: Image ſhorter than I did, ſeeing he tried the Experiment with a leſs 


Angle. 
The Angle indeed which I uſed was but about 63 Degrees, 12 Min. and his 


is ſet to 60 Degrees; the Difference of which from mine being but 3 Deg. 
12 Main. is too little to reconcile us; but yet it will bring us conſiderably near- 


er together. And if this Angle was not exactly meaſured, but the round Num- 


ber of 60 Degrees ſet down by gueſs, or by a leſs accurate Meaſure (as I fu- 


ſpect by the conjectural Meaſure of the Refraction of his Priſm, by the Ratio 
of the Sines as 2 to 3, ſet down at the ſame time, inſtead of an Experimental 
one), then might it be two or three Degrees leſs than 60 Deg. if not ſtill leſs : 
And all this, if it ſhould be 0, would take : wy the greateſt Part of the Dif- 
ference between us. 

ut however it be, I am well afured my own Obſervation was exact 
enough. For I haye repeated it divers times fince the receipt of Mr. Lucas's 
Letter, and that whhour any conſiderable Difference of my Obſervations, ei- 
ther from one another, or from what I wrote before: And that it might ap- 
pear experimentaliy, how the Increaſe of the Angle increaſes the Length of the 
Image, and alſo that no body, who has a mind to try the Experiment exactly, 
might be troubled to procure a Priſm which has an Angle juſt of the Bigneſs 
aſſigned by me, I tried the Experiment with divers Angles, and have ſet 


down my Trials in the following Table; where the firſt Column expreſſes 
the Angles of two Priſms which I uſed, which are meaſured as exactly as! 


could, by applying them to the Angle of a Sector; and the ſecond Column 
expreſſes, in Inches, the Length of the Image made by each of thoſe Angles; 


its Breadth being two Inches, its Diſtance from the Priſm 18 Feet and 
. and the Breadth of che Hole in the Windows- ſhut 3 x of an Inch. 


Angles Lengths | | Angles Length 

; ASE 10: 1-74 W 
The firſt Priſm 560 24 | 9x The ſecond Priſm 462 12 107 | 
63: 26: [10+ + : C63 45 4 2074 


You may perceive, that the Length of the Images, in refpect of the An- 
gles that made them, are ſomething greater in the ſecond Priſin than in the 


firſt; but that was becauſe the Glals, of which the ſecond Priſm was made, 


had the greater refractive Power. 

The Days in which I made theſe Trials were pretty clear, but not ſo clear 
as I deſired; and therefore, afterwards meetipg with a Day as clear as I de- 
fired, I repeated the Experiment with the ſecond Priſm, and found the Lengths 


of the Image made by its ſeveral Angles, to be about of an Inch greater 
than before; the Meaſures being thoſe ſet down in the T able. 


Angles Lengtlis 


F & 71 
The ſecond Priſm 362 12 | 105 
x | 63-48 [11 


WEE: i 2 The | 


WW 


— >" "PT" ems nn 3 4 * 
* — * n Wr a ut — 
n — x 


- (196) 0 


The Reaſon of this Difference, I apprehend, was, that in the cleareſt Days 
the Light of the White Skies, which dilutes and renders inviſible the fainteſt 
Colours at the Ends of the Image, is a little diminiſhed in a clear Day, and 
ſo gives leave to the Colours to appear to a great Length; the Sun's Light at 
the ſame time becoming brisker, and ſo ſtrengthening the Colours, and makin 
the faint ones at the two Ends more conſpicuous: For I have obſerved, that 
in Days ſomething cloudy, whilſt the Priſm has ſtood unmoved at the Win- 


dow, the Image would grow a little longer or a little ſhorter, accordingly as 


the Sun was more or leſs obſcured by thin Clouds which paſſed over it; the 


Image being ſhorteſt while the Cloud was brighteſt, and the Sun's Light . 
fainteſt. Whence it is eaſy to apprehend, that if the Light of the Clouds 


could be quite taken away, ſo that the Sun might appear ſurrounded with Dark- 


neſs, or if the Sun's Light were much ſtronger than it is, the Colours would 


{till appear to a greater Length. _ 1 5 
In all theſe Obſervations the Breadth of the Image was juſt two Inches. 


But obſerving that the Sides of the two Priſms I uſed were not exactly plain, 
but a little Convex, (the Convexity being about ſo much as that of a double 
Convex-Glats of a ſixteen or eighteen Foot Teleſcope) I took a third Priſm, 


whole Sides were as much Concave as thoſe of the other were Convex; and 
this made the Breadth of the Image to be two Inches and a third Part of an 


Inch; the Angles of this Priſm, and the Lengths of the Image made by each 


of thoſe Angles, being thoſe exprels'd in this Table. 
Angles Lengths 


58%. | 84 
591 1 
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In this Caſe you ſee the Concave Figure of the Sides of the Priſm by ma- 
king the Rays diverge a little, cauſes the Breadth of the Image co be greater 
in proportion to its Length than it would be otherwiſe. And this I thought 
fit to give you notice of, that Mr. Lucas may examine, whether his Priſm 
hath not this Fault. If a Priſm may be had with Sides exactly plain, it may 
do well to try the Experiment with that; but it's better if the Sides be about 
ſo much Convex as thoſe of mine are, becauſe the Image will thereby become 


much better defined: For this Conxexity of the Sides does the ſame Effect, as 


if you ſhould uſe a Priſm with Sides exactly plain, and between it and the 


Hole in the Window-ſhut, place an Objęct-Glaſs of an 18 Foot Teleſcope, 


to make the round Image of the Sun appear diſtinctly defin'd on the Wall 
when the Priſm is taken away, and canſequently the long Image made by the 


Priſm to be much more diſtinctly defined (eſpecially at its ſtreight Sides) than 
it would be otherwiſe, _ | 


One thing more I ſhall add: That the utmoſt Length of the Image, 


from the fainteſt Red at one End, to the fainteſt Blue at the other, Roos, 
meaſured. For in my firſt Letter about Colours, where I ſet down the Length 
to be five times the Breadth, I called that Length the utmoſt Length of 


the 
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the Image; and I meaſured the utmoſt Length, becauſe I account all that 
Length to be cauſed by the immediate Light of the Sun, ſeeing the Colours 
(as I noted above) become viſible to the greateſt Length in the cleareſt Days, 
that is, when the Light of the Sun tranſcends moſt the Light of, the Clouds. 


Sometimes there will happen to ſhoot out from both Ends of the Image a 


glaring Light a good way beyond theſe Colours; but this is not to be regard- 
ed, as not appertaining to the Image. If the Meaſures be taken right, the 
whole Length will exceed the Length of the ſtreight Sides by about the 
Breadth of the Image. A 5 | 

By theſe things fer down thus circumſtantially, I preſume Mr. Lucas will 
be enabled to accord his Trials of the Experiment with mine; fo nearly at 
leaſt, that there ſhall not remain any very conſiderable Difference between us. 
For if ſome little Difference ſhould ſtill remain, that need not trouble us 


any further, ſeeing there may be many various Circumſtances which ma 


conduce to it; ſuch as are not only the different Figures of Priſms, but alſo 
the different refractive Power of Glaſſes, the different Diameters of the Sun 
at divers Times of the Year, and the little Errors that may happen in 
meaſuring Lines and Angles, or in placing the Priſm at the Window; though, 
for my part, I took care to do theſe things as exactly as I could. How- 
ever, Mr. Lucas may make ſure to find the Image as long or longer! than I 
have ſet down, if he take a Priſm whoſe Sides are not hollow ground, but 


plain, or (which is better) a very little convex, and whole retracting An- 


gle is as much greater than that J uſed, as that he hath hitherto tried it with 
is leſs; that is, whoſe Angle is about 66 or 67 Degrees, or (if he will) a little 
greater. 3 5 3 | 
Concerning Mr. Lucas's other Experiments, I am much obliged to him that 
he would take theſe things ſo far into Conſideration, and be at fo much 
Pains for examining them; and I thank him ſo much the more, becauſe he is 
the firſt that hath ſent me an experimental Examination of them. But yet 


it will conduce to his more ſpeedy and full Satisfaction, if he a little change 


the Method which he has propounded, and, inſtead of a Multitude of Things, 


try only the Experimentum Crucis: For it is not Number of Experiments, bur 
Weight to be regarded; and where one will do, what. need many? _ 
The main thing he goes about to examine is, the Different Refrangibility of 
Light; and this. I demonſtrared by the Experimentum Crucis. Now if this 
Demonſtration be good, there needs no further Examination of the thing; if 


not good, the Fault of it is to be ſhewn: For the only way to examine a de- 
monſtrated Propoſition is to examine the Demonſtration. Let that Experi— 


ment therefore be examined in the firſt place, and that which it proves be ac- 
knowledged; and then, if Mr. Lucas wants my Aſſiſtance to unfold the Difficul- 
ties which he ſancies to be in the Experiments he has propounded, he ſhall free! 
have it. At preſent I ſhall ſay nothing in Anſwer to his Experimental Diſcourſe, 
but this in general, That it has proceeded partly from ſome Miſunderſtanding 
of what he writes againſt, and partly for want of due Caution in trying Ex- 
periments; and that amongſt his 5 there is one, which, 7 
| 2 uly 
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(772) 
duly tried, is, next to the Experimentum Crucis, the moſt conſpicuous Expert- 
ment, I know, for-proving the different Refrangibility of Light, which he 
brings it to prove againſt. 3 3 | 
By the Poſtſcript of Mr. Lucas's Letter, one not acquainted with what has 
paſſed, might think that he quotes the Obſervation of the Royal Society againſt 
me; whereas the Relation ot their Obfervation, which you lent to Liege, con- 


tained nothing at all about the juſt Proportion of the Length of the Image 
to its Breadth according to the Angle of the Priſm, nor any thing more (ſo 


fir as I can perceive by your laſt) than what was pertinent to the things then 
in Diſpute, viz. that they found them ſucceed as I had affirmed. And there- 
fore, ſince Mr. Lucas has found the fame Succels, I {uppole, that when he ex- 
preſſed, That he much rejoiced to ſee the Trials of the R. Society agree ſo exattly 
with his, he meant only ſo far as his agreed with mine. : 


P. 8. I had like to have forgotten to adviſe, that the Experimentum Crucis, and 
ſuch othefs as ſhall be made for knowing the Nature of Colours, be made 
with Priſſus that refract ſo much, as to make the Length of the Images 


five times its Breadth, and rather more than leſs, for otherwiſe, Experiments | 


doll not ſucceed ſo plainly with others, as they have done with me. 


An Optical Er-. VIII. I took a ſtiff Piece of brown Paper, and pricking a ſmall Hole there- 


perimentzbyMr, in, I held it at a little Diſtance from me; then applying a Needle to my Eye, 
"$45 Gray. T was ſurprized to ſee the Point of it inverted. The nearer the Needle was 
«221, p. 286. ; | | . 5 
June, An. 1696. to the Hole, it was ſo much the more magnified, but leſs diſtinct; and if it 
| were ſo held, as that its Image was near to the Edge of the Hole, its Point 
ſeemed crooked. So that, it ſeems, theſe ſmall Holes, or ſomewhat in them, 


perform the Effects of a Concave Speculum; and fo I take leave to call them 


Aerial Speculums. 
A Problem of IX. 1. Mitto tibi hac occaſione Conſtructionem Problematis 4lhazeni nu- 
Alkonen, ſoives per a me inventam, & a Collegis meis felicem ſatis judicatam: Problema ett ; 
7. — 8 4 . oh" . . . . 
e Dato Speculo Cavo aut Convexo, itemque Oculo & Punto Rei viſe, invenire 


N. 97. 5. 6119. Pundtum Reflexionis. . 
Oct. An. 1673. 


Fig. 78. 


Eſto Speculum ex Sphcera qua Centrum habeat A punctum, Oculus vero 
fit in B, & Punctum Viſibile in C, Planumque ductum per A, B, C, faciat 
in Sphæra Circulum Da, in quo invenienda ſint Reflexionis Puncta. Per 


tria Puncta A, B, C, deſcribatur Circuli Circumferentia, cujus fir Centrum Z; 


occurrat autem ei producta A E, Perpend. B C, in R, & fit duabus RA, OA, 
tertia Proportionalis N A, eritque NM, Parallela B C, altera Aſymptotos. 
Rurfus ſint Proportionales E A, + AO, AI, & ſumptà I Y æquali IN, duca- 


tur XM Parallela AZ; eaque crit altera Aſymptotos. Denique ſumptis IX, 


IS, quæ ſingulæ poſſint dimidium Quadratum A O, una cum Quadrato Al; 

erunt Punta x & s in Hyperbola, aut Sectionibus oppoſitis Dad, ad inventas 
Aſymptotos deſcribendis, quarum Interſectiones cum Circumferentia D O, 

oſtendent Puncta Reflectionis quæſita. Conſtructio hæc, in omni Caſu, quo 

0 Problema ſolidum eſt, locum habet, præterquam in uno, ubi non Hyperbola 


ſed 


E 
ſed Parahola deſcribenda eſt; cum nimirum Circumferentia, per Puncta A, B, C 

deſcripta, tangit Rectam AE. 

2. Cum Nobiliflimi Hugenii Conſtructionem ad Calculos revocarem, ean- % M. Sluſius. 

dem omnino mecum Amalyſin ſecutum eſſe deprehendi; ſed cum ex illa duæ 04. 
naſcantur Eſtectiones, utraque per Hyperbolam circa Alymtotos; Ille unam, 
Ego alteram, uti faciliorem, ſelegeram Eyvidens eſt autem, nihil aliud quæti 
hoc 'reblemate (fi illud ad Terminos mere Geometricos revocemus) niſi 
in dato Circulo, (cujus Centrum A, Radius AP) Punctum aliquod ut P, à 
quo ductis ad Punta data E, B, inæqualiter a Centro A diſtantia, Rectis 
PE, PB, Recta AP producta biſecet Angulum LEP B. Quod quidem va- 
7 rios Caſus recipit. Vel enim Normalis ex A in Rectam EB, nimirum 40, 
* caditimter E & B, vel ultra B. Si ultra, vel Rectangulum EO B æquale eſt 
Quacdrato AO, vel majus vel minus. De Caſu æqualitatis videbimus intra; 
nunc vero tres alios Caſus eadem fere Conſtructione complectemur. Per tria 
puncta A, E, B, tranſeat Circulus, ad cujus Circumferentiam producatur A O Eg. 75, 80, 8, 
in D. Ac fi quidem punctum O cadat inter E & B, Recta AO verſus O pro- 
ducenda erit; fin autem ultra B, ſitque Rectangulum E OB majus Quadra- 

A G, producenda erit verſus A; at ft Rectangulnm Quadrato minus fuerit, | 
Circulus in ipſo puncto D, rectam A O ſecabit. Tum ducta A X, parallela | 
E B, ſecante Circulum datum in N, fiat ut Rectangulum DAO ad quadra- Y 
tum AN, ita : AX ad AH, quæ ſumenda erit verſus X, fi O cadat inter I 
& B, aut Rectangulum E OB minus fir quadrato O A; at ex parte contraria, 

ſi fit majus. Ponatur nunc O Qæqualis A H (in directum EB primo & le- 
cundo caſu, tertio vero verſus E:) tum fiant proportionales X A, N A, 
HK, ſumenda omni caſu verſus X: ſectaque AQ in V, ut fit eadem Ratio 
NA ad AV, quæ A Dad AX; jungatur KV, ac producatur donec occur- 
rat recta EM Parallelæ O A, indefinite productæ, in puncto L; erunt omni 
caſu KL & QL Aſymptoti Hyperbolæ, quæ per punctum O deſcripta, pro- 
poſito ſatisfaciet; hoc tantum diſcrimine, quod primo & ſecundo caſu Hyper- 
bola per O, Problema ſolvet in ſpeculo Convexo, Sectio vero ei- oppoſita in 
Concavo; at tertio caſu contra, Hyperbola per O ſerviet Concavo, ejus oppoſita 
Convexo. Atque id quidem, cum punctum V cadit inter A & O; nam 11 
ultra O caderet, unica Hyperbola inter eaſdem QI, K L, deſcripta, tam ſpe- 
culo Convexo quam Concavo ſatisfaceret. Cæterum ſi V caderet in ipſum 
punctum O; Problema tunc Planum eſſet, & ipſæ Rectæ L Qn L K, illud ab- 
ſlolverent. Unde patet Problematis hujus dari Caſus infinitos, qui per Locum 
Planum ſolvi poſſunt: quo magis venia digni videntur 11, qui illud per eun- 
dem Locum univerſe ſolvi poſſe cenſuerunt, quod ipſis aliquories Calculus feli- 

citer cecidiſſet. Nulla enim dari poteſt trium punctorum AE, B, poſitio, (de 
caſu æqualitatis Rectanguli EO B, & Quadrati O A, mox videbimus) quæ non 

admittat Circulum aliquem ex Centro A deſcribendum, ad cujus Circum- 
tcrentiam Problema per Locum Planum ſolvi quear. Hujus autem Circuli 
Radius, ſi tanta eſt, ita invenietur: in primo & ſecundo caſu ſuperioris Con- 
fiructionis, fiat ut Quadratum AX una cum duplo rectangulo O A D, ad du- 
plum Quadratum A; ita Quadratum A O, ad Quadratum AN; erit AN 
Radius quæſitus. At in rertio caſu, faciendum eſt, ut Quadratum A X minus 

4 FL Duplo 


Fig. 82. 


. n 3 
Duplo Rectangulo OA D, ad Duplum Quadratum AD; ita Quadratum 
AO, ad Quadratum AN. 

Conſtruendus nunc ſupereſt alius caſus, æqualitatis nempe Rectanguli EO, 
& Quadrati AO, five in quo Circulus, per puncta A, B, E, deſcriptus, tangit 
Rectam A O. Recte autem monuit Clariſſimus Hugenius hoc caſu deſcri— 
bendam eſſe Parabolam; quod tamen non ita intelligendum eſt quaſi per Hy- 
perbolam ſolvi non poſſit, cum & Hyperbolam & Ellipfn, imo Infinitas fi 
quis Methodo noſtra uti velit) admittat; ſed quod Parabolam quoque recipiar, 
er alii eaſus reſpuunt. Eadem ratione temperandum eſt quod ait; Con— 
ſtructionem ſuam omni caſu quo Problema ſolidum eſt, locum habere; intelligit 
enim, levi mutatione ſemper inveniri Hyperbolam quæ propoſito ſerviat; quod 
caſus a nobis ſuperius Conſtructos cum ejus Conſtructione comparanti plauum 
fiet. Ut autem ad caſum aqualitatis redeam, & nequid termere aſſeruiſe vi- 
dear, Ecce tibi non unam, fed duas Parabolas, ac præterea Hyperbolas Oppo- 
ſitas quæ Propoſitum abſolvunt. Sint, ut prius, puncta data E, B, Circulus 
ex Centro A, ac alius per tria puncta A, E, B, cujus Pangens fit AO, Cen- 
trum D. Ducta Diametro NA DX, fiant tres Proportionales X A, NA, Z A, 
cujus dimidium fit AL. Fiant iterum tres Proportionales 2 O A, N A, IA, 
cujus dimidium fit K A, & perficiatur Rectangulum LAOYV ; productaque 


LV in 8, donec VS fit tertia Proportionalis ipſarum A f, O.; Axe SL, 
| Latere Recto AI, Vertice S, deſcribatur Parabola; hec enim Cu cuſum feca- 


Fig. 83. g 


Otherwiſe, by M. 

Sluſius. ibid. 

b. 6123. 
Fig. 84. 


bit in punctis P, P, quæſitis. Tantundem faciet alia, fic pertecto Rectangulo 


DA KC, & producta K Cin T, ita ut CT fit tertia Proportionalis ipſarum 
AZ, DC, deſcribatur circa Axem T K, Vertice T, Latere Reto, Z. A; oc- 
curret enim Circulo in ii{dem punctis P, P. Facilior adhuc eſt Conſtrut io 
per Sectiones Oppoſitas; factis enim, ut prius, tribus Proportionalibus X A, 
N A, Z A, demittatur Z Normalis, tertia Proportionalis Duplæ AO, & AN. 


Erit itaque Z. I major Z A, cum Dypla A O minor fit X A: tum in puncto 
J, inclinentur utrinque Angulo Semirecto ad lineam IZ, rectæ IQ, IM, & 


ab utraque parte indefinite producantur; demum circa illas tanquam Aſympto—- 
tos deſcribatur per A Hyperbola, & alia ipſi Oppoſita; hæc enim ſatisfaciet 


Problemati in Speculo Convexo, illa in Concavo. Cum vero, ut oſtendimus, 


Z.] temper major fit Recta Z A, Recta IM nunquam tranſibit per A. Non 


dabitur itaque Caſus, quo ex hac Conſtructione, velut in præcedentibus, Pro- 


blema per ipſas Aſymptotos ſolvi poſſit: & tamen hoc quoque aliquando Lo- 


cum Planum admittit; cum ſcilicet accidit, ut Recta X O ducta ad Centrum 


D, tangat Circulum NPP; ipſum enim punctum Conractus quæſtionem 
ſolvit. Et hæc quidem de Problemate, quod hactenus multorum ingenia ex- 
ercuit, & cujus ſolutionem ante aliquot Annos abſolvi. . 

Accipe quæ circa Alhazeni Problema, curis ſecundis meditatus ſum. 

Datus fit Circulus, cujus Centrum A; puncta data ſunt D & d. Suppona- 
tur factum quod quæritur; ſitque Radius Incidens DE, Reflexus Ed; & ex 
Puncto Reflexionis E cadat in junctam DA, Normalis EI, & in eandem, ex 
d, Normalis d N, occurrantque eidem Tangens EC & Radius 4 E, productus 


in B. Sit nune DAA AI Sa. NA = un. EI =. dN = b. BAS y. 


AE =. CA = x. Igitur, cum Anguli, DEC, CE B, ſint quale, & 


Avgulus - 


- 
Milt: 


0 


3 6175) | 
Angulus CE A, Rectus ex Hypotheſi, erunt tres, D A, CA, B A, Harmonice 
proportionales (hoc enim facile oſtenditur). Erit itaque ut D A, ad BA, 
ita DC, ad CB; live in terminis Analyticis, ::: 2 - X: à—9 & 22) 
2.2 5 | 
JY 


— xy = 2 x, vec = x, Cum autem Rectangulum CAI, five x a, 


en 1 

| . : a4 2 2 
æquale Quadrato AE. {tive erit x , & per conle dens << _—_ 

fit gun . » ive 99, _—_ . 


—5 . = y, Porro, eſt ut dN, ad P. I; ita N B, ad IB; 


ſive b:e:.y—n:j—a. Itaque ye ne =by —baz Ky = — 


Igitur FEY = —.— ve 22zbVa@a—2LY3nae—9qq ba + qque 
=b24q4q—2Zqqe. Quæ xquatio eſt ad Hyperbolam circa Aſymptotos, 
cujus Conſtructio cum Circulo dato, Problemati ſatisfacit. Cum vero, ob Cir- 
culum, fit 27 = aa + ee, ſi loco 2b 244, ponatur cjus Valor 2 b 2 77 — 
2 b zee, habebitur alia pariter ad Hyperbolam circa Aſymptotos 6 >» q q— 
2b2zee—2ZzZnae—qqba+qque=—294qe. Et hac Methodo, at- 
que illa, quam in Libello noſtro de Analyſi expoſuimus, prodibunt infinitæ 
Aquationes ad Hyperbolas & Ellipſes, quæ cum Circulo dato Problema ab- 
ſolvent; niſi quod Effectiones plerumque intricatories evadunt quam ut operæ 
pretium fir illas aggredi: conſtrui tamen poterunt eo modo, quo ibi uſi 
ſumus in Ellipſi. 5 | 5 


Retulimus, ut vides, Calculi noſtri Summam ad lineam D A, fed ſatis ani- 
madvertis, non majori difficultate referri potuiſſe ad 4A (quæ pariter data 
eſt) ductis ſcil. lineis, quas in Schemate punctis adumbravimus. Verum novo 

Calculi labore non eſt opus. Si enim Rectæ 4 A, ejuſque partibus, coldem ac 
prius terminos Analyticos adhibeas, h. e. fi ipfam d A facias Ncualem zz 
Du =b. nA =x. Al =4. i E Se. &c. prodibit eadem /Equatio quiz pri- 
us; & infinitas alias Hyperbolas & Ellipſes obtinebis, quæ cum Circulo dato 
Problemari ſatisfacient. #$0pJ4x3s eſſem ſi ſingulos Caſus proſequi vellem, cum 
illorum /Equationes ſola Signorum + & - variatione diſcernantur. Unum 
tamen excipio, nimirum cum Angulus 4 AD eſt Rectus; ejus enim æquatio 
habetur, ex punctis a priori æquatione partibus, in quibus » (qua in nihilum 
abit) invenitur: nempe hæc, 22 Ua —qqba =bzqq — 294c, vel (pro 
22 bh a a, polito ejus valore) Zhqqg—qqgba=2zbee—zZzqqe. 


| N | 

Sed animadvertendum eſt, quod licet referendo Analyſin ad Rectam D A, 

ſtatim ſeſe offerant in æquatione duæ Hyperbgl ; & ali totidem a prioribus 

diverſæ, cum refertur ad Ream 4A; caſdem tamen omnino Parabolas habe- 

ri, adutram vis Rectarum, 4 A, vel D A, referatur Analyſis: cujus rei ratio 

levi conſideratione tibi occurret. 
2 | 


I 8 — Patere 


Fig. 85. 


ad IB, ſive 2:0: : & .. = = — 


Sphæricorum Reflectionem proponi ſolent, Problematibus applicem, novo facto 


1 %, & Problema per Plana ſolvetur. 


ad IB, h. e. % u — 9: e: 493 vel b: y -:: : 4. Tgitur* 8 


8 _ 4 £ 
* 6, ag 
* . » 
* "a * 1 
* . 
. 
- 
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1 . 
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Patere nunc, V. Cl. ut ſuperiorem Analyſin omnibus, quz circa Speculorum 


Schemate. Sit igitur, ut prius, Circulus, cujus Centrum A, Punctum D datum, & 
ab eo Radius Incidens D E, cujus Reflexus fit EQ. Juncta D A, ducatur ad illam 


Tangens EC, & Normalis EI; & producatur ad eandem, Recta QE B; De- 


nominentur partes ut prius. DAZ. CAS x. AE = g. BA=y. AI a. 
IE c. Igitur, propter tres D A, C A, B A, Harmonice Proportionales, 
& tres CA, AE, AI, Geometrice; ſemper habebitur æquatio y = — 
in quodcunque Circuli punctum cadat Radius DE. Itaque ſi quæratur pun- 
ctum E, in quod ſi Radius D E Incidat, Reflectatur magaaaiaws Diametro 

L AV normali ad DA; Reflexus QE, productus, tranſibit per I, ut patet; 


& I ac B coincident. Igitur a = y = 1 five, a a — 7 _ = 


Si quæratur punctum, à quo Radius Reflectatur parallelus alteri cuilibet li- 
neæ, ut AK (ductæ ex Centro A;) ducatur ad illam, ex puncto I, Tangens 
KL =4. Evidens eſt, Triangula AK L, EIB, fore ſimilia, cum omnia 
Latera unius parallela ſint Lateribus alterius, &c. Itaque AL, ad LK; ut EI, 


* 
7 224 — 7177 | 


27244 — 2 dae — 97 a | gde; live, pro aa poſito 97 - ee, 24 = 


2246: —22qee —22Zdae—ga+gqggqde. Utraque autem æquatio eſt ad 
Hyperbolicam circa Aſymptotos, quæ cum Circulo dato Problema abſolvit. 


Proponatur nunc efficere, ut Radius Reflexus tranſeat per datum punctum 
N, (ut in Provlemate Alhageni) vel ut productus verſus punctum Reflexionis 
E, occurrat dato puncto N. Ex N cadat in AL Normalis NO =», ſitque 
AO Sb. Patet eſſe, ut AO, ad differentiam ipſarum ON, A B; ita E 5 


* 


b — 
3 3 i 2 
. Unde 2 zbaa — 22znae —qqba +qqne=bzqq 


29e; nim. illa ipſa æquatio Problematis Alhazeniani quam ſupra innui- 
mus: Vel, ſecundo caſu . =y =—=77—, ſive 22644 + 
Rf. 2? b+e 22a—q99% © 1 


22nae—qqba—qque=zbqgq+24qqe. 


Atque hæc ſunt Problemata, quz circa punctum Reflexionis proponi ſolent, 
in quibus tamen Finitam puncti D dati diſtantiam ſuppoſuimus. Sed facilior 
erit Analyſis, ſi ſupponamus Infinitam. Secta enim CA bifariam in G, con- 
ſtat ex proprietate trium, DA, CA, B A, Harmonice Proportionalium, tres 


DG, CG, B G, fore Geometrice Proportionales, ſuppoſita quacunque 


puncti 


— 


OW. ESE, a NT 
puncti Ddiſtantia. Itaque, fi ſupponatur Infinita, BG abibit in nihilum, 

& punctum B cum puncto G coincidet. Igitur AB erit perpetuo æqualis 
BC Heil itaque CA=2y; & Rectangulum CAI, æquale Quadrato AE, 


dabit, in terminis Analyticis, 2ay =9q, five y = ZZ. Cumque diſtantia 


, puncti D ſupponatur infinita, erit ED Parallela A C. Itaque, ſi quæratur 
E Radius Reflexus parallelus AL, quoniam co caſu @ &) coincidunr, erit a = 


5 = {7 ſive aa ?: Si quæratur ut Parallelus fir A K, erit rurſus N 
| LY 

4 3 

1 ne | 
tranſeat per N, erit, ut ſupra, IT . =, & 2b aaÆ ne =bqq. 


4q9e: Quæ æquationes ſunt quoque ad Hyperbolas circa Aſymptotos, niſi 
N punctum eſſe ſupponatur in AL; nam cum tunc abeat in nihilum, ſub- 
latis ab æquatione partibus, in quibus continetur, reſiduæ dant æquationem 
ad Parabolam; ut ſupra quoque monuimus. 
Non exſpectas, Y. Cl. ut cum Specula Concaya hactenus in Exemplum 
adduxerim, nunc agam de Convexis. Scis enim, eandem eſſe prorſus Ana- 
lyſin, & Aquationes fola Signorum + & — variatione diſtingui. Scis Pa- 
rabolam vel Ellipſin, quæ uni fatistacir, ſatisfacere alteri; & fi Hyperbola in 
Convexo Problema abſolvat, ejus Oppoſitam paria facere in Concavo. His 
itaque omiſſis, addo tantum, eadem Analyſi haberi in Speculis Concavis Fo- 
cos & Spatia, quæ Radu occupant in Axe, datà qualibet Puncti Lucentis 
diſtantià; fed mira facilitate, cum Radii ſupponuntur paralleli: quod tamen; 
nonnullo circuitu à quibuſdam demonſtrari vidi. Nam in Speculo Concayo 86, 
E E, cujus Centrum A, {i Radius extremus Reflecti intelligatur ad Axem 
AR in B, ductà Tangente EC, erit CB B A. Biſecetur Semi- axis AR 
9 in Q; erit itaque Q Focus, & QB Spatium quæſitum. Eſt autem QB 
— 1 dimidia CR (ob æquales AQ, QR, AB, BC) H. e. dimidia exceſſus ſe- 
cantis Arcus ER ſupra Sinum totum. Igitur fi Arcus ER fit (e. g.) grad. 


9, crit AC, 101246, & BQ _ ipſius AR. 


„ =. ive 2744 — 24ge =43. Si petatur ut 


6 
I 000 


4. Compendium, quod eodem tempore inveni circa primam Conſtructio- ones. 
nem, ab initio tibi communicatam, tale eſt: Ductà linea AT, paralleli CB, M. Hugens. 
eaque biſecta in V, punctum hoc eſt illud, per quod tranſire debet una Hyper- 98.7. 6140, 
bolarum Oppoſitarum, quarum Aſymptoti inventæ fuerunt YM, MN. g. 87. 
Sed en Tibi bonam illam Conſtructionem, quæ in omnibus Caſibus obti— 
net. Sit Circulus datus ED, cujus Centrum eſt A; Puncta data, B & F. 88. 


C. 544 
Ductis Lineis AB, A C, fiant Proportionales B A (Radius Circuli) & FA: 


Eodem modo C A, (Radius Circuli) & GA. Tum jungatur FG, eaque 
biſecetur in H; & per hoc punctum ducantur Lineæ LH K, MHN, 


ſe 


Vo L. I A a | 


Further conſi- 
diered, by Mr. 


| S luſius. ibid. 


5 · 6141. 


Again, ib, 


Again, ib. 


Fig, 89. 


cum Puncta data æqualiter diſtant a Centro. | 
Clar. Hugenius non alia utitur Analyſi quam mea, quæ Parabolam uno tan- 


Atque hc eſt Æquatio, 


- 
— 


( 178 


ſe invicem interſecantes ad Angulos Re&or, quarumque LH K fit Parallela 
ei quæ biſecat Angulum BAC. Hz ſunt duæ Aſymptoti Hyperbolarum 


deſcribendarum per puncta F & G, & quarum una tranſibit etiam per Cen- 
trum A; quarum Interſectiones cum Circuli Peripheria notabunt puncta Re- 
flexionis quæſita. 8 

J. Videt hic Nob. Hugenius qua ratione d omnes Caſus extendi poſſet Hy- 
perbola Aqualium Laterum, quam in caſu Anguli Recti ſeſe ſtatim offerre 
præcedentibus meis inſinuaveram. Poſſet quoque ex infinitis Ellipſibus, qua 
adhiberi poſſunt, una ſeligi non difficilis Conſtructionis: ſed piget tamdiu in 
eodem Problemate hærere. Supereſt tamen aliquid, quod contemplationem 
habet non injucundam; im. cum Sectiones, quæ cum Circulo dato ad Pro- 
blematis ſolutionem adhibentur, illum in quatuor punctis ſecent, quorum duo 
tantum Reflexioni ſerviunt, quæri poſſet, quodnam Problema ſolvent duo re- 
liquaz & quãnam verborum formà concipienda fit Propoſitio, ut quatuor il- 
los Caſus complectatur: Deinde annon etiam iidem quatuor Caſus occurrant, 


tum caſu admittit. Quod ut evidentius tibi conſtet, Aquationem quam 


Conſtruxit hic ad{cribam. Repete memoria, ſi placer, quæ ſecundis curis ad 


te ſcripſi, & invenies, me duas æquationes, Problemati per Hyperbolam circa 
Aſymptotos ſolvendo idoneas, aſſignaſſe: has nimirum; | 
2 Zbaa —2Znae—qqba+qque=bz2qq=2Zqgqe, 

Et bz4q—2znae—qqbatqque—=2Zzbee—Zqqe; 
ac ſubjeciſſe, levi mutatione (ſubſtituendo, ex. gr. pro 39, ejus Valorem aa 
Tee) invenire poſſe infinitas Hyperbolas & Ellipſes, quæ cum Circulo dato 
Problema ſolverent. Nunc in priori ex his zquationibus pro 52 ponatur 
ejus Valor, fiet ] TE N 
| 2baa—22Znae—qqba+qqune=bzee—=2zqqez 
55 222 „ IIe , 2nae 4e 
Sive aa . — * 2 
quam magno ingenii acumine, ac pari facilitate, 


conſtruxit Vir Doctiſſimus. . 5 

Incidi nuper in ſequentem Conſtructionem, qua breviorem cum dari poſſe 
vix credam, committere nolui, quin eam judicio ac cenſuræ tuæ ſubmitterem. 
Sint igitur Puncta data E, B, Circulus, cujus Centrum A; junctis E A, B A, 
Secantibus Circulum in F & C; fiant tres Proportionales E A, FA, VA, & 


tres iterum BA, CA, X A: Tum junctà VX, ac productà utcunque, (Ver- 
tice X, Latere Tranſverſo VX, ac Recto ipſi æquali) deſcribatur Hyperbola 


XP, cujus Applicatæ ad Diametrum VX G, Parallelæ ſint Rectæ AB: Illa 


enim ſatisfacit propoſito in caſu Speculi Convexi, ut ejus Oppoſita in caſu 
Concavi. Si Aſymptotos deſideres, facile reperiri poſſunt, productà V X, 


donec cum EB, pariter productà, concurrat in L; deinde biſectà VX in I, 


ac ſumptà LD zquali LI; juncta enim DI erit Aſymptoten una, in quam 
alia normaliter incidit ad Purctum J. 


Sed 
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Sed fortaſſe ingratum tibi non erit intelligere, qui via ad hanc Conſtructio- 
nem pervenerim. Scias itaque, me ex priori mea Analyſi deduxiſſe hoc mo- 
do. Datis iifdem quæ priùs, cadat in EB Normalis A O, ſitque punctum Fig. 50. 
quæſitum P, ex quo in AO cadat Normalis PR. Si AO fit “; EO, 2; 
OB, 4; AP, ; PR, e; AR, a; facile colligitur hæc Aquatio, 


22dae+2bbae—2bqqe 7 191 ; 

— AA 3 TT > quæ mutari poteſt * 
5 zdae+bbae—baqge Zdae + bbae—bqqe 
9 5 


== _— T © 78 2 
T e 


4 og = 594 — ——. Hujus ultimæ Conſtructionem olim ad te miſi 3 al- 


terius vero, Cl. Hugenius. Primam autem, licet ſe ſtatim in conſpectum de- 
diſſet, fermè neglexeram, quod difficilioris Conſtructionis eſſe præſumerem. 
Sed me vano timore deluſum agnovi, cum in hanc, quam ad te mitto, Con- 
ſtructionem deſinere nuper ſum expertus. Sit enim, brevioris Calculi caus 


. 
: z—d =k, 2d4 = n; het * LE — = a —.— Et 
2 - ＋mmaa - 2% ma | = 

additis utrinque 2 a 772 27 erit ee + mar : 27 LI 

— 5 eſt quadratum ere — Ne) : Schule 


; k 
F | 3 —2 1 
3 14 £7 + 7 LS r igitur eraaoxouds, Ke 


qf ＋ m m4 — 2272 


” A err, Lu. 
iin, . Inn 
qui ad æquationem faciliorem reduci poteſt, fi, poſito kk + mm = pp, fiat 
e. fit enim tandem, quadratum ex e * —=yy —£L '5 JEM 


wr” 
773 quam AÆAquationem ſuperiori Conſtructioni reſpondere ani- 


madvertes, {i Calculos applicueris; ac ſimul obſervabis, ad quamcunque li- 
nearum E A, AB, BE, referatur Analyſeos ſumma, eaſdem ſemper habere 
poſſe Sectiones, quamvis longiori circuitu & æquationibus valde diverſis. 


Ex hac Conſtructione, »87' &raaoxay deducere licet alterius Problematis ef- 
fectionem, cum ſcil. quæritur Punctum, à quo Radius Reflexus Parallelus ſit 
cuilibet lineæ datæ; ut, ſi dato Puncto Luminoſo B, Circulo ex Centro 
quæreretur Radius Reflexus — rectæ AE, Idem enim eſt, ac fi in Fe. 51. 

A a 2 alio 


4 


( 180 ) 
alio Problemate, diſtantia punftorum A & E ſupponeretur infinitaz quo ca- 
ſu Tertia Proportionalis ipſarum EA, FA, abiret in nihilum, & puncta A 
& V coinciderent: Itaque VX eſſet æqualis AX, & AE parallela PE. 
_ Applica igitur ſuperiorem Conſtructionem, & Problema abſolves: Deſcripti 
ſci]. ( Vertice X, Latere Tranſverſo VX, vel AX, & Recto ipfi æquali) 


Hyperbolà XP, cujus Applicatz ad Diametrum AX, parallelæ ſint Rectæ 
AE. 9 ke ” 


| 2 M. Fugens, 6. Verum eſt, quin imo mirandum, Conſtructionem, quam antehac ad te 
ibid, 7. 6143. miſi, inveniri quoque per Calculum, quem Dn. $/u/;us de ea inſtituit poſt mu- 
| tationem 99 in aa-+eez at hoc videtur fieri caſu, nec ibi apparet Conſtru- 
ctionis ſimplicitas, niſi poſtquam cam peragere ſategimus. | 


» 
4 4 
e 
* * 
4] bn 
6-6 
2 
y 
gh 
8 
: 75 q 
— 4 
1 
& 
x 
1 
* 
WY 
1 * 
* 
a 
—_— 
„ 
33 
KS 
2 
38 
Bk 
+$ 
FRE. 
5 
pd 7 
3 
74 
= 
Ry 
4 
5 
0 1 
3 
2 
- 
« . 
_— 
PA. 
0 mT 2 
* *3 
by 
. Y 
*. 8 
3 
* „ 
1 
+805 
oy. 
* 
> 4 
a. 
By”, 
7 8 
0 „ 
1 
+ 
2 
* 
1 4 . 
- 4 
7 
8 
* 
4 
1 
8 
5 


Problema Alhazeni.] Dato Circulo, cujus Centrum A, Radius 4D, & 
punctis duobus B, C; invenire punctum A in Circumferentia Circuli dati, u 
ductæ HB, HC, faciant ad Circumferentiam Angulos æquales. - 
Ponatur Inventum, ductaque A M recta, quæ bifariam ſecet Angulum 
B AC, ducatur ei Perpendicularis HF, itemque BM, CL. Jungatur por- 


ro AH, cui Perpendicularis fit HE; Rectiſque BH, HC, occurrat AM in 
. oF | 


| Pig. 92. nde 


1 _ | Quia ergo æquales Anguli KHE & CH, five EH G; | 2 
Sit jam AM eſtque FHA 3 Rectus, erit ut K E, ad EG; ita 
MB HK A, ad AG. Quia vero BM, ad MD; ut HF, ad 

| 41 F K, erit, 5 | 1 . Sk 
ut BMU+HP ad HE, ita MF ad FK, 


Les. i 
Radius AD ai e. „ e = add. FA =x, fit KA 
A „ Joo idol 4 


| _ay-+bx 
„ £3. non TI 
Rursds, quia CL ad LG, ut HF ad FG, erit permutando & dividendo CL 


EHF ad HF, ut LF ad FG, n , x: 2 qua ablatà ab 


AF =x, fit G A = = = 5 Eſt autem EA Pa _ „ quia Proportionales 


FA, AH, AE: Ergo EA - G A, hoc eſt, EG = — 223-2 


x 1 — 95 


Et 
KA—EA, hoc ot, KE = AA 4. 
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Sed diximus, quod K E ad E G, ut K A ad AG; i. e. . N | 


dd nx Fc), 4) Tox nx 
* ALF | b+y 1 — 


Unde invenitur 2 anxxy + 2bnx* —ddbux—ddnxy=naddy+nbdd x 


—2 acxyy—2bexxy+ddbcy+ddeyy—addyy—bdday. 


5 2537 bhidex 2bbcyyx 
Et quia # = _ 


0 F 
yy. Eſt autem —— „ee, quia æ x =dd— yy. 


—2bbexyy __ ddbcyx 
N 


| 


| —2acxyy +ddcyy=—addyy—bddxy. 
Et diviſis omnibus per) & ductis in 4 . 


—bbcxy—ddbcx—2aacxy+ddcay=—aaddy—bddax 


abddx—cbddxÞ+acddyJaaddy =2aacxy+2bbexy 
abddx—cbddxhacddyÞ+aaddy 


— —— — — 


5 S N quæ æquatio eſt ad 
: 24aac+2bbe CS | 85 
Hyperbolam. 3 MO 

Vet quis e's 6 LEE TIRES TEES? +aaddy 


| Za ac TZ 22 e 
81 ada — . pbx—pnx+piy+tpay _ 
Sit — 25 1 . e 


Unde porrò non difficulter invenitur ſequens Conſtructio: Jungantur B A, 


AC, & applicato ſeorſim ad utramque Quadrato Radii AD, fianc inde AP, 


AQ; & juncta PQ, dividatur ipſa bifariam in R, & per punctum R du- 


cantur RD, R N, ſeſe ad Rectos Angulos ſecantes, quarumque R D, fit 


parallela A D, quæ dividet bifariam Angulum BA C. Erunt jam RD, RN, 
Aſymptoti Oppoſitarum Hyperbolarum, quarum altera per Centum A tranſi— 
re debet, quæque ſecabunt Circumferentiam in punctis H quæſitis. Tranſi— 


bunt autem Hyperbolæ per Puncta P, G. 


Ratio Conſtructionis apparet, ductis pl, & QE, perpendicularibus in 


AM. Fit enim A y _ 75 ſive p; & AC — Item Py == 


t=L?. don 25 
& Q * Quare AO 1 & OR Dn Unde Cæ- 


tera facilia. 


7 Mirari 


— 


Fig. 93. 


Zy M. Slufius, 


ih 


p. 6145. 


Fig. 94. 


FA 


("L898 }\ - | 

7. Mirari define, Vir Clariſſime, eandem in Alhazeniano Problemate Con- 
ſtructionem ex diverſis Æquationibus deduci, quandoquidem illæ omnes, qui- 
bus hactenus uſi ſumus in una eademque generali Analyſi contineantur. Quod 
ut oſtendam, datus fir Circulus cujus Centrum A, puncta H & I; ſitque Pun- 
ctum quæſitum K, ad quod ex punctis I & H ducantur Rectæ HK, IK, & 
Tangens KD. Tum ex A ducatur quælibet AG, occurrens HK in E, IK 
in B, Tangenti K D in D (iis nim. productis, quas produci eſt opus). His 
poſitis evidens eſt, ob Angulos EKD, D KB, æquales, & Angulum AK D 


Rectum, tres AE, BE, D E fore ſemper Harmonicè proportionales. Itaque 
ductis ad A E Normalibus KC, IF, HG, ac denominatis partibus, | 
AK = g[habebitur, methodo, quam in ſecunda hujus Problematis Analyſi 


AC = a olim adhibui, hc generalis ZEquatio, 


CK=e| 2bnae+22daec—dqaqe—2Zqqe. | 
H G = z|Finge nunc, AG eſſe perpendicularem ad H I, nihil varietatis erit 
lin æquatione; niſi quod A F & A G, hoc eſt, d & 2, erunt æ- 
AG= 4 quales. Poſito itaque d pro z, fiet 


Pg 


Sive applicatis omnibus ad nd — d b, 


os Rae, . 
e uy 34 


Eadem nempe, quam ex prima mea Analyſi, licèt alia vii, deduxeram, & 
quam nuper, modo facili conſtructam, ad te miſi. „ 
Pone deinde, A G coincidere cum A H; abibit igitur HG, five 5, in nihi- 


lum. Expunctis itaque ab æquatione partibus, in quibus & reperitur, rema- 


nebit, ndaa—ngqgqga=ndee+2 zdae—dgqqge—qqze. Hanc autem, fi 
meminiſti, curis ſecundis inveni, & aliam huic ſimilem, in Caſu quo Recta 


AG tranſire intelligitur per I. 


Supponamus demum, Rectam AG, ſecare bifariam Angulum H AT; erit 
ob ſimilitudinem Triangulorum HAG, IAF, ut HG ad GA, ita 1 F ad 
F A, five ut ô ad d, ita ꝝ ad æ, & dH Z. Ablatis igitur æqualibus, fit 


 bqqa—nqqga=2bnae422dae—dqqe—qqze: Il ipſa, quam, ut ex 
literis tuis nuper intellexi, Cl. Hugenius conſtruxit. 


Intelligatur tandem eadem Recta H G, ſecare bifariam Rectam HI; erunt 
igitur æquales H G, 1G, hoc eſt, „n; fietque, ablatis æqualibus, Y d a a 
—bzaa=bdee — Zee ae. 22dae—dqqe—qqzez quam, licet 


non admodum difficilem, nemo noſtrim hactenus conſtruxit. He autem, 


ut & ipſa Generalis Aquatio, in duas alias dividi poſſunt, poſito, ut noſti, 
pro a a vel e e, ejus valore, q q—ee, vel qq—aa. 
Vides 2 quicquid hactenus præſtitum eſt, in eandem Analyſin reſolvi; 
quæ & infinitas alias Conſtructiones per Circulum datum & Hyperbolam com- 
plectatur. Sed eas inveſtigare non eſt tanti, cum in hoc Problemate, ut olim 


fortaſſis 


„da = a =- n h % ndee—- zlee - 


ndaa —bdaa—nqqa+bqqa=ndee—dbee + 
FI n] 26nae+2ddae—2dgqgqe. | 
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fortaſſis inopil, fic nunc copia laboremus. Addam tantum Conſtructionem 


per Parabolam, idque via duplici; quæ licèt aliis per Hyperbolam operoſior 


videatur, Lineæ tamen ſimplicitate, qua Parabola inter reliquas Sectiones 
commendatur, operam compenlar. 

liſdem igirur Datis, Jungatur AT, & producatur in 8, donec AS fiat 
æqualis A H, junctaque HS, & biſecta 18 in M, ducatur per M Recta 
R MQ normalis ad HS, in quam cadat ex A Normalis AQ ,. & cui Paral- 
lelus ducatur Radius AC. Tum factis tribus Proportionalibus I A, AC, AE, 


Fg. 95, 


fiat ut SAad AE, ita MQad AD, & RS ad AP (in recta AQ verſus Q;) 


& in eadem ab alia parte ſumatur DO zqualis DC. Demum biſcctà PD in 
X, inclinetur per X, Angulo Semi-recto ad AX, Recta V X L, occurrens 
Normali in D erectæ in puncto V, & in quam ex O cadat Normalis OB. 
Aio, fi fiat ut VX ad XB, ita X B ad BL, punctum L eſſe Verticem, LV, 
Axem, X V Latus Rectum Parabolæ, quæ Problemati farisfacit omni caſu; 


Secans nimirum Circulum datum in punctis K, quorum ſupremum & ulti- 


mum ad Problema Alhazenianum pertinent, reliqua ad aliud. 

Datur, ut ſupra indicavi, alia 3 Parabola, quæ cum hac paria facit, 
& cujus deſcriptio ex hac adeo facile deducitur, ut nova non fit opus. Su- 
matur enim A, in Directum DA, & ipſi æqualis, & in Directum OA, ipſi 
quoque æqualis A. Tum biſectà P in E, ducatur per & Recta «£8, Nor- 

malis ad X B, concurrens cum , Normali ad O A, in e, & in quam cadat 
Normalis @&; ac fiat ut E ad £8, ita bæc ad g: Erit a Vertex, XF Axis, 
E Latus Rectum Parabolæ, quæ in iiſdem cum priore punctis Circulum da- 
tum ſecabit. | 8 N 


X. Let BE g be a double Convex Lens, C the Center of the Segment To fin the prin- 


EB, and K the Center of the Segment E 8; B& the Thickneſs of the Lens, 
D a Point in the Axis of the Lens; and it is required to find the Point F 


=DA =14, (the Point A being ſuppoſed the ſame with B, but taken at a 


cipal Focus of 
Oy tick Glaſſes 

} ; ; ; 9 univerſally; by 
at which the Beams proceeding from the Point D are collected therein, the Mr. Edm. Hal- 


Ratio of Refraction being as m to n. Let the Diſtance of the Object DB . 


Diſtance therefrom, to prevent the Coincidence of fo many Lines) the Radi- Eg. ” 


us of the Segment towards the Object CB, or CA =7, and the Radius of 
the Segment from the Object K g, or Ka e, and let B, the Thickneſs of 
the Lens, be , and then let the Sine of the Angle of Incidence DAG, 


be to the Sine of the Refracted Gn FA HAG, or CAg, as ton; and in 
elves will be in the ſame Proportion; 


very ſmall Angles the Angles them 
whence it will follow, that, as ꝗ to r, ſo the Angle at C to the Angle at D, 
and d +r will be as the Angle of Incidence GAD; and again, as M to z, 


ſo dr to 2275, which will be as the Angle GAH = CA. This be- 


ing taken from A C D, which 1s as d, will leave po = ＋ Analogous to 


the Angle Ah D; and the Sides being in this Caſe proportional to the Angles 
they 


ley. n. 205. 
960. 


W 
* 
* 


* 


| | . wy ad 

they ſubtend, it will follow, that as the Angle A D is to the Angle ADg, 
ſo is the Side A D or BD, to Ag or Be: that is, Be will be = — = 
| nu ur 
which ſhews in what Point the Beams proceeding from D would be collect- 
ed by means of the firſt Reiraction: but if 27 cannot be ſubtracted from 
in —nd, it follows, that the Beams after Refraction do ſtill paſs on diverg- 
ing, and che Point e is on the ſame Side of the Lens beyond D. But if 27 
be equal to - , then they proceed parallel to the Axis, and the Point 5 
is infinitely diſtant. Ws 5 
The Point g bing found as before, and Be -B g being given, which we 
will call 7, it follows by a Proceſs like the former, that 6 F, or the Focal 


. « p22 | | 6 N ; 
t = 5 
Diſtance ſough is equal to EE * And in the room of ꝙ ſub 
55 | mar 3 n 
ſtituting Bog — B. a = 7, putting p for — after due 


5 : 5 mpdre—ndet + npr 
Reduction this Equation will ariſe, — 3 Lama 8 
3 ndr mdg —mprge—m—ndit A ur. 


Which Theorem, however it may ſeem operoſe, is not fo, conſidering the 
great Number of Data that enter the Queſtion, and that one half of the 
Terms ariſe from our taking in the Thickneſs of the Lens, which in moſt Ca- 
ſes can produce no great Effect; however, it was neceſſary to conſider it, to 
make our Rule perfect. If therefore the Lens conſiſt of Glaſs, whoſe Re- 

1 . Oo 6drp—2dpt+arpt , 
fraction is as 3 to 2, 'twill be 7 75 5 55 =Ff. If of 
Water, whoſe Refraction is as 4 to 3, the Theorem will ſtand thus: 


12drp—3dpt+torpt = F. If it could be made of Diamant, 


4dr +4dp —Izrg=—dt+3zri 

whoſe Refraction is as 4 to 2, it would be 

| -. Far —2taqgt+Frge 2 
ſdr +4ygde—Fre—3dt+2rt 1 


And this is the univerſal Rule for the Foci of double Convex Glaſſes ex- 
poſed to diverging Rays. But if the Thickneſs of the Lens be rejected a 


fe,” | | 7 Ar | = | 
not ſenſible, the my will be much ſhorter, viz. T 7 To — TT: = f; or 
* 2dr 
in Glaſs, == 177 = f. All the Terms wherein 7 is found be- 


ing omitted, as equal to nothing. In this Caſe, if 4 be ſo ſmall, as that 
27p exceed dr + dg, then will it be — , or the Focus will be Ne- 
3 — gative, 


© — 
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Caſe of diverging Beams on a double Convex, viz. 


the Theorem 
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gative, which ſhew that the Beams after both Refractions ſtill proceed diver- 


ging. 


To bring this to the other Caſes, as of Converging Beams, or of Con— 
cave Glaſſes, the Rule is ever compoſed of the ſame "Terms, only changing 
the Signs of — and ; for the Diſtance of the Point of Concourſe of Con- 
verging Beams from the Point B, or the firſt Surface of the Lens, I call a 
Negative Radius, or — 7 if it be the firſt Surface, and — e, if it be the 
ſecond Surface. Let then converging Beams fall on a double Convex of 


2 CI 


— 4. — 4 — 27 4 


Glaſs, and the Theorem will ſtand thus — — = + f, which 


mſhews, that in this Caſe the Focus is always Affirmative. 


If the Lens were a Meniſcus of Gla's, expoſed to diverging Beams, the 


5 —2d4r 0 5 ; Ee | . 
+ 2” —= ff: Which is Affirmativ 15 


leſs than dr — dp, otherwiſe Negative: But in the Caſe of converging 


Beams falling on the fame Meniſcus, *rwill be T7 —— = And 


it will be + , whilſt de - 4 is lels than z 7 p; but if ir be greater than 


27e, it will always be found Negative or —f. It the Lens be double Concave, 

the Focus of converging Beams is Negative, where it was Affirmative in the 

—— e 

+ dr -+ dr e ee 

which is Affirmative only when 2 7 p exceeds dr + dp: But diverging 

Beams paſſing a double Concave, have always a Negative Focus, viz. 
2 4 C — | 

＋ dr | dp E2re : 


The Theorems for Converging Beams are principally of uſe to determine 


the Focus reſulting from any fort of Lens placed in a Teleſcope, between the 
Focus of the Object-Glaſs and the Glaſs itſelf; the Diſtance between the ſaid 
Focus of the ObjeQ-Glaſs and the interpoſed Lens being made = — d. 


In cafe the Beams are parallel, as coming from an infinite Diſtance, (which 
is ſuppoſed in the caſe of Teleſcopes) then will 4 be ſuppoſed infinite, and in 
F pare En. 

dir +dp—preg an 
is no Part of the other infinite Terms; and dividing the Remainder by the in. 


the Term pr p vaniſhes, as being finite, which 


finite Part d, the Theorem will ſtand thus - 45 V or in Glaſs SS „. 


VOL. I. B b | In 
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In caſe the Lens were plano-convex expoſed to diverging Beams, inſtead of 
In< | 


dr 
parp „r being infinite, it will be 777 }, or d—2y 5 
dr + dp —prp bs 
the Lens be Glaſs. 


s$ being formed of 

-conyex, and 7 be equal to p, a . 
If the Lens be double-convex, "E745 be noe 00 
dr rap—prop 


Segments of equal Spheres, then will 


| : \en it wi \ her contracted 
BEE as F; and in caſe d be infinite, then it will be yet farther co 


| WEE : ill be r. in 
2d —pr ing , the Focal Diſtance in Glaſs wi ) 
to 1 5 75 and J being . in — 8 | 


| | I: r + 74 
Water 127, but in Diameter - | 


| | | . ata; 
* nly uſeful to diſcover the Focus from the 2 _ he 
This is he 15 ik iven, we may thereby determine t 9 f what Sphere 
but from 1 bs the. Focus and Diſtance broken — X ments of ao 
Objects 10 n another Segment, to make any r cus F. As 
e ee pu the Beams from the Diſtance 4 to find the Ratio of 
: ther 90 — Lens, Focus, and Diſtance given, to fin All which, it 
1 of m to 1 requiſite to —__ ag „ de a, 
0 * are . pap py eas I mY f. * to find d, the Theorem is 
viz. pdpr = Si LEG 


Sraf FR d, the Diſtance of the Object; for e, the Rule is 
fi and | 


. e FEY 
, drf_ 7 but for p, it 8 P3 WII 
pdr Af + pr. 


l | ; bei as I to p. 
latter determines the Ratio of Refraction, n being to £9 +- top 


em for the Exerciſe of 
I ſhall not expariate on theſe Particulars, bur leave them for the Exerciſe © 


ag bold to 
hat are deſirous to be informed in Optical Matters, * 
thoſe that ar rehended in theſe three Rules, as fully as t had to the Signs 
e MC ad he ah ln Re R 
1 in the former Caſes of finding the Focus. hy t 2 Ob- 
* and "=. able Utes of them; the one to find the Diſtance * le? large as 
Dew rar 0 ſhall by a given Lens be repreſented in a Species a nd | a 
W If, which may be of ſingular Uſe in drawing e X 
3 5 Magnitude, by 2 TEng n but even 
Oo. ; true | | 

dark Room, which will not only give the 


8 * | E 
the Colours themſelves, almoſt as vivid as the Lite. In this Caſe d is equa 


101 ſhall havepdrp = ddr 
f : 0 4 for in the Equation, we | — h 2 
REN 3 dag al by % pr Adr = dp —Pr p, that ie, 
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2 77 A; but if the two Convexitics be of the ſame Sphere, fo as , 
then will the Diſtance be = r, that is, if the Lens be Glaſs = 2 r; fo that 
if an Object be placed at the Diameter of a Sphere diſtant, in this Caſe the 
Focus will be as far within as the Object is without, and the Species repre- 
ſented thereby will be as big as the Life; but if it were a Plano-Convex, 
the ſame Diſtance will be = 2 p 7, or, in Glaſs, to four times the Radius of 
the Convexity. IE 


A ſecond Uſe is to find what Convexity or Concavity is required to make 
a vaſtly diſtant Object be repreſented at a given Focus, after the one Surface 
of the Lens is formed; which is but a Corollary to our Theorem for finding ę, 
having p, d, , and f, given; for 4 being infinite, the Rule becomes 


2 2 1 


: = p, that is, in Glaſs, . whence, if f be greater than 27, 
2 


L becomes Negative, and 7 3 is the Radius for the Concave ſought. 


But to return to their firſt 7 heorem, which, accounting for the Thickneſs 
of the Lens, we will here again reſume, viz. 5 | 
= mpdrp —ndet—npret f 
mdr + mde—mppr —m—ndt—ntri ; 


And let it be required to find the Focus, where a whole Sphere will collect 
the Beams proceeding from an Object at the Diſtance d. Here 7 is equal 
to 27, and r =g; and after due Reduction, the Theorem will ſtand thus, 
mpdr —2ndr 4 2znprY 
2nd Zur — m pr 


= f: But if 4 be infinite, it is contracted to 


„ F; wherefore a Sphere of Glals collects the 
21 2 2 n 


Sun's Beams at half the Semidiameter of the Sphere without it, and a Sphere 
of Water at a whole Semidiameter. But if the Ratio of Retraction #2 to x 
be as 2 to 1, the Focus falls on the oppoſite Surface of the Sphere; but if it 
be of greater Inequality, it falls within. 


Another Example ſhall be, when a Hemiſphere is expoſed to parallel Rays, 
that is, d and p being infinite, and 7 = 7, and, after due Reduction, the The- 


orem reſults hes f; that is, in Glaſs it is at &, in Water at 27; 
mn in — nn 


but if the Hemiſphere were Diamond, it would collect the Beams at 4 of the 
Radius beyond the Center. 


( 189 } 
Laſtly, As to the Effect of turning the two Sides of a Lens towards an 
Object; it is evident, that if the Thicknels of the Lens be very ſmall, fo as 
that you neglect it, or account # = o, then in all Caſes the Focus of the 
ſame Lens, to whatſoever Beams, will be the farac, without any Difference 
upon the turning the Lens: But if you are fo curious to conſider the 
Thickneſs, (which is ſeldom worth accounting tor) in the caſe of parallel Rays 
falling on a Plano- Cone cx of Glaſs, if the plan- ſide be towards the Object, 
does occaſion no Difference, but the Focal Diſtance f = 2. But when 
— — the Convex Side is towards rhe Object, it is contracted to 27 —2 7; ſo that 
the Focus is nearer by 7 f. 
is leſs; if a Meniſcus, greater. If the Convexity on both Sides be equal, the 
Focal Length is about 5 7 ſhorter than when 7 =- 0. In a Meniſcus, the 
Concave Side towards the Object increaies the Focal Length, bur the Convex 
towards the Object diminithes it. A general Rule for the Difference ariſing 


5 | 2 3 * 
on turning the Lens, where the Focus is Affirmative, is this A 


FT 477 

for double Convexes of different Spheres. But for 1eni/ci the ſame Diffe- 
| | 27 t + 2, eZ 

rence becomes Li 


If — Je +7? of which 1 need give no other Demonſtra- 


tion, but that by a due Reduction it will follow from what is premiſed, 


| as will the Theorems for ail forts of Problems relating to the Foci of Optic 
: Glaſſes. 


The Generation XI. 1. Sint Hyperbolæ Oppoſitæ D B, E C, quarum Axis Tranſverſus 
of an . eſt BO, Centrum A, & una ex Aſymptotis GP; item per Centrum fit OM 
cal Olin 7/01. 3 £2 © Y ® 7 : . 3 f | k 8 Won 
5 S. Chriſt. ducta ad Angulos Rectos ipſi B C. Quare ſi circumducantur Hyperbolæ 


Wren, circa Axin OM, manitelium cit, ex ca Revolutione generari Corpus Cylin- 
N. 48. P. 951+ droides Hyperbolicum, cujus baſes, ſectioneſque Baſi parallela ſunt Circuli. 
Jan, An. 1669. . 


Fig. 97. Dico inſuper, ſi idem Corpus ſecetur 
lelogrammum. 


Secetur per Axin Tranſverlum ſectione Circulari BNC; item per O & M 


in Circulos æquales & æqualiter à Centro diſtantes; item per Axin in figu— 


ram Genitricem cujus ſemiſſis eſt BD EC, in cujus Plano erit Aſymptotos 
GP, per quam ad Rcctos Angulos planum B D E ſecetur in Plano FH; 
jungantur denique HO. 5 | 

Quoniam Triangulum O G H eſt Rectangulum, Ergo quadratum O N, 
five O D, minus quadrato O G, eſt æquale quadrato G H: & quoniam 
DO parallela eſt ipſi B A, Aſymptoton ſecat in G, crit, (ox propriera- 
tibus Hy perbolæ, que in Conicis demonſtrantur) quadratum OG una cum 
quadrato B A, quale quadrato O D, /. e. Quadratum O D minus quadrato 
O G, æquale quadrato A B, five quadrato AN. Ergo quadiatum G H, 
quale eſt quadrato AN. Quare G H & AN quantur, & ſunt ad Angu- 
los Rectos ipſi G A; idemque demonſtratur de omnibus aliis ſectionihus Bull 


parallelis. Quare Cylindroides Hy perbolica rite ſecatur per Aſymptoton in 
Parallelogrammum. ©. E. D. 


Coroll. 


If the Lens be Double Convex, the Difference. 


Per Aiymptoton GP, crit ſectio Paral- 
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Coroll.] Hinc patet, in ſuperficie Cylindroidis, quamvis & duplici flexura 
conſtet, rectas nihilominus innumeras duci poſſe: Patet etiam, aliam eſſe hu- 
jus Corporis Generationem, nimir. ex revolutione Parallelogrammi circa Axin, 
manente Angulo ad Axin xquali GO, vel denique manente Linea Genera- 
trice HR immobili, & maſſam Volubilem formante aut ſecante. 
Et ſi acies Dolabri acutiſſima & rectiſſima ita diſponatur ad Axin, ſicut ſe 
habeat Linea Generatrix, rotante interim Mamphure, manifeſtum eſt, Forno 
tam accuratas poſſe elaborari Hyperbolas quam Circulos, cum nihil aliud re- 
quiratur ad formandam Cylindroidem quam ad Cylindrum, niſi quod in Cy- 
lindris acies Dolabri eſt Axi Parallela, hic vero inclinata. | 
Itaque notandum eſt, pro Inclinatione Anguli GAO, variari ſpeciem Hy 
perbolæ; adeoque facilius accommodatur ad datam Hyperbolam quam ut de- 
monſtratione opus habeat: At ft manente Angulo, Generatrix magis ad Cen- 
trum accedat, exſurgit inde minor Hyperbola, ſed priori prorſus ſimilis. 

2. Sint tria Corpora terendo idonea, P, Q, R; quorum P &Q fint æqua- The Application 
lia & Columnari forma, R vero Corpus Lenti- forme. P rotetur circa Axin #79 io ie | 
AB; Q, circa CD; & R, circa E. G. Sint autem AB, & CD, in diverſis W e 
Planis, ita tamen ut E G productæ fir ad Rectos Angulos utrique AB & CD; Glaſſes, oy vir 
accedant denique ad ſe invicem Corpora, prout opus fuerit, ſervata tamen ca- 3 bees 


dem Inclinatione & ſitu Axium. Nov. An. 1669. 
Fig. 98. 


Dico ex Revolutione & mutua attritione Corporum prius poſitorum exſur- 
gere nova Corpora Geometrica, quorum P & Q crunt Cy lindroidea Hype: bo- 
lica æqualia, R vero Conoides Hvperbolicum, ſpecie & magnitudine datum. 

Demonſtrationem in promptu habemus, nec non modulum ipſius Machinæ, 
terendis Lentibus Hyperbolicis deſtinatæ; quam operoſa Pictura & prolixa 
Explicatione deſcribere, mihi & Artifici magis ſuerit moleſtum, quam Dædalo 
cuivis ſagaci ſimilem adinvenire. Poſtquum enim expoſita jam ſunt Princi- 
pia Geometrica, facile erit conjicere, quale fit Inſtrumentum; nempe, tres 
ſunt Tabulz Oblonge, Planæ, Valid:z, Labiles, & ſibi invicem Impoſitæ: In- 
fima & Media ſuſtinent inæqualia Capirula (five Anſas Mamphur ſuſtinentes) 
alternatim poſita; id poſtulat utriuſque Mamphuris Obliquitas & quaſi decuſ- 
ſatio: Summæ Tabulz æqualia ſunt Capitula in longum Tabulæ diſpoſita: & 
perforato citimo Capitulo Mamphar tranſmittitur. Omitto Rotas, Rotulas, 
Lora, Pondera, Cochleas, & reliqua ad motum expeditum & Machinæ Fir- 
mitudinem neceſſaria. P pertinet ad infimam Tabulam; Q ad mediam; R ad 
ſummam. R Lens eſt vitrea; Q. Modulus Lentem terens; P Formula Mo- 
dulum corrigens; quæ dum motu obliquo, & diverſo à motu ram Lentis 
quim Moduli, fertur, delet continuo & deterit, quicquid Vitii imprimitur 
in Modulum ex Lentis & Materiæ attritione. . 

Vare, cum adeo ſimplex & ſpontanca fit iſta Hyperbolici Conoidis genitura, 
ex ſolis nempe Mot ibus Circularibus; cumque Motus fit duplex & varius, cre- 
dibile eſt, Lentes Hyperbolicas ex hiſce Principiis vel nullis fore explicandas. 

3 GET | Woy four Convex 

XII. This Phænomenon appears very eaſily explicable, from the Conſide- mw 22 
ration of placing Glaſſes in a Tube; which is thus: After the Object-Glaſs, 12275 Fog I 
the firſt Eye-glals is placed ſo much diſtant (towards the Eye) from the Focus Mr. William 
of the Object- Glas, as is the Focus of the Eye-Glaſs; then the middle Eye- Meg: 5. 


N. 183. p. 109 
Glaſs Jul. An. 1686. 
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Glaſs is placed ſo much diſtant from the Focus of the firſt Eye-Glaſs, as is 
the Focus of the middle Eye-Glaſs: Laſtly, the neareſt Eye-Glaſs is placed 
ſo much diſtant from the Focus of the middle Eye-Glals, as is the Focus of 
this neareſt Eye-Glaſs; and the Eye looking through them all, is placed in 
the Focus of the neareſt Eye-Glais — =» 5 ; 

I fay therefore, 1. That one ſingle Convex-Glaſs cannot properly be ſaid 

by itſelf to ſhew Objects Erect or Reverſe, but in reſpect of the placing of the 
Eye that looks through it: For if the Eye, that looks through a ſingle Con- 
vex-Glaſs, be placed nigher thereto than the Glaſs's Focus, the Objects are 

Erect; if the Eye be placed juſt in the Focus, the Objects are neither Erect 
nor Reverſed, but all in Confuſion between both; and if the Eye be placed 
further from the Glaſs than the Focus, the Objects are Reverſed. I mean 
here diſtant Objects, the Rays flowing from any Point whereof may be counted 
to come Parallel towards the Object-Glaſs. 3 3 

2. The Object-Glaſs of a Teleſcope reverſes the Object, both to the Eye- 

Glaſs and the Eye that looks through it: For the Eye-Glaſs is placed farther 
from the Object-Glaſs than is the Focus of the Object-Glaſs: But the Eye- 
Glaſs does nothing towards the Rectification, or Reverſion; the Eye being 
placed juſt in its Focus, 3 


* F 


3. If the ſecond Eye-Glaſs (the firſt being that next the Object-Glaſs) be 
placed, as it ought, in a Teleſcope, place the Eye nearer in this middle Eye- 
Glaſs than its Focus, and it ſees the Object inverted and confuſed: Place the 
Eye in the Focus, and it fees the Object all in Confuſion, neither Erect nor 
Reverſed; for here again there is a diſtinct Repreſentation of the Objects to 
be received on a Piece of Paper, as in the Focus of an Object-Glaſs; and the 
Eye being placed at any time at this Place (which is uſually call'd the Diſtinct 
Baſe) fees all in Confuſion: But then let the Eye be placed farther from this 
middle Glaſs than its Focus, and it perceives the Objects erect and confuſed. 

Laſtly, The third, or immediate Eye-Glaſs, does nothing towards the E- 
recting or Reverſing the Species, which it receives Erect from the middle Eye- 
Glaſs; no more than in a Teleſcope of two Convex-Glaſſes, the Eye-Glaſs 
does to the Species it receives from the Object-Glaſs; as we have ſhewn before. 
The Realon that this laſt or immediate Eye-Glaſs has nothing to do in the 
Erecting or Reverſing the Species, is the ſame as in the Teleſcope of two Con- 
vex Glaſſes, viz. The Eye placed in its Focus, and therefore ſees the Species 
as *tis repreſented in the Diſtinct Baſe; that is, the Species is inverted in the 
Diſtinct Baſe of the Object-Glals, and therefore a ſingle Convex Eye-Glaſs 
brings it to the Eye Inverted; but in the Diſtinct Baſe of the middle or ſe- 


cond Eye-Glaſs the Species is Erect, and therefore the third or immediate 
Eye-Glaſs brings it to the Eye Erect. . 
Wherefore we are to conſider the Teleſcope conſiſting of an Object - Glaſs 
and three Eye-Glaſſes, as two Teleſcopes, each conſiſting of two Con- 
vex Glaſſes. The firſt conſiſts of the Object-Glaſs and firſt Eye-Glaſs, and 
this inverts the Species; that is, the Species is inverted in the Diſtinct Baſe 
of the Object-Glaſs, and ſo brought into the Eye. The ſecond Teleſcope 
conſiſts of two immediate Eye-Glaſſes, and this Erects what the former In- 

verted; that is, the Species in the Diſtinct Baſe of the middle Eye-Glaſs is 
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XIII. 1. Mr. A#zoat has found that the Apertures, which Optick- 
can bear with Diſtinctneſs, are in about a ſubduplicate Proportion to their 


„„ JR 
Erect, and is ſo brought into the Eye by the Eye-Glaſs; the Eye-Glaſſes 
themſelves in neither Caſe having any thing to do with the Erecting or Invert- 
ing, but merely in repreſenting in the ſame Poſture the Species immediately 
before them. So that one Convex-Glaſs, as poſited in a Teleſcope, Inverts; 
the ſecond (that is the firſt Eye-Glaſs) does nothing towards the Erecting or 
Reverſing, but repreſents the Image as it is in the Diſtinct Baſe of the Ob- 
ject-Glaſs before it, that is Inverted; the third Glaſs Erects, or rather Re- 
ſtores, What was before Inverted; the fourth repreſents the Image as it re- 
ceives it from the Diſtinct Baſe of the third, that is, Erect. | 


Lengths: And, accordingly, he hath made the following Table. 


GlaſſesTbe Apertures 


of Teleſcopes ; 
by M, Auzout, 
N. 4. P. 55. 
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(6192) 
Confdered by 2. This Theory of Apertures ſeems to me not very clear: For the ſame 
ref 1 Glats will endure greater or leſſer Apertures, according to the leſſer or greater 
Light of the Oject; if it be for looking on the Sun and Venus, or for ſeeing 
the Diameters of the fixed Stars, then ſmaller Apertures do better; if for the 
Moon in the Day- light, or on Stun, or Jupiter, or Mars, then the largeſt. 
Thus 1 have often made uſe of a 12 Foot Glaſs to look on Saturn with an 
Aperture of almoſt 3 Inches, and with a ſingle Eye-Glals of 2 Inches double 
Convex; but when, with the ſame Glaſs, 1 looked on the Sn or Venus, I 
uſed both a ſmaller Aperture, and ſhallower Charge. 5 


To meſure i- XIV. I have found long ſince a Way to meaſure, with a great Teleſcope, the 
ary ne - Diſtanceof Objects upon the Earth from one Station. Ihe Practice indeed does 
. altogether anſwer the Theory, becauſe that the Length of the Teleſcopes 
N. 7. 7.125. admits of ſome Latitude; yet one comes near enough, and perhaps as juſt as 
Dec. An. 1665. by moſt of the Ways ordinarily uſed with Inſtruments. That which I am 
propoſing, I doubt not but Mr. Hoc will toon underſtand, and ſce the Deter- 

mination of all Caſes poſſible. I ſhall only ſay, That if we look upon the 

ſole Theory, we may make uſe of an ordinary "Teleſcope, whereof the Eye- 

Glaſs is to be Convex: For by putting the Glaſſes ar a little greater Diſtance 

than they are, proportionably to the Diſtance for which it is to ſerve, and, by 

adding to it a new Eye-Glaſs, the Object will be ſeen diſtinct, though ob- 

ſcure; and if the Eye-Glaſs be Convex, the Object will appear Erect. They 

may be done two manner of ways; either by leaving the Teleſcope in its or- 

dinary Situation, the Object-Glaſs before the Eye-Glais ; or by inverting it, 

and putting this before that. But if any will make uſe of two Object-Glaſſes, 

whereof the Focus's are known, the Diſtances of them will be known. IF it 

be ſuppoſed, that the Focus of the firſt be B, and that of the ſecond C, and 

the Diſtance given, B + 2 D, and that D—C be equal to F; for this Di- 

{tance will be equal to B + C F- Fe C*. And if you have the Focus 

of the firſt Object-Glaſs equal to B, the Diſtance where you will put the 

ſecond Glaſs, equal ro B + C + D, the Focus of the ſecond Glaſs will be 

— 5 And if you will that the Object ſhall be magnified 
as much with theſe two Glaſſes as it would be with a ſingle one, whereof rhe 
Focus ſhould be of the Diſtance given, having the Focus of the Object- 
Glaſs given equal to B, and the Dittance given to B + D; the Diltance be- 

2 BB ＋- 2 BD 


wean the firſt and ſecond Glaſs will be equal to ——:; 5 whence, 
1 nn. 4 1 
ſubducting B (the Focus of the Object given) there remains e 


And if this Sum be compoſed equal to C, we ſhall caſily know by the pre- 
cedent Rule, the Focus of the ſecond Glaſs. 


found equal to 


XV. prepare 
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XV. Prepare two Glaſſes, the one exactly flat on both Sides, the other flat To make a Plano- 


on the one Side, and convex on the other, of what Sphere you pleaſe. Let 718 WEEK 


, ö ſmall Sphere, col- 
the flat Glaſs be a little broader than the other. Then let there be made a let rhe Rays ar 4 


Cell or Ring of Braſs, very exactly turned, into which theſe two Glaſſes may 5, Hoe. 
be ſo faſtned with Cement, that the plain Surfaces of them may lie exactly r 
parallel, and that the Convex Side of the Plano-convex Glaſs may lie inward; N. IE apt 
but ſo, as not to touch the Flat of the other Glaſs. Theſe being cemented Ne pq 
into the Ring very cloſely about the Edges, by a ſmall Hole in the Side 
of the Braſs Ring or Cell; fill the interpoled Space between theſe two with 
Water, Oil of Turpentine, Spirit of Wine, Saline Liquors, &c. then ſtop 
the Hole with a Skrew: And according to the differing Refraction of the 
interpoſed Liquors, fo ſhall the Focus of this Compound Glaſs be longer or 
ſhorter. | 1 4 
But this I would have only look'd upon as one Inſtance of many (for 
there may be others) of the Poſſibility of making a Glaſs, ground in a ſmaller 
Sphere, to conſtitute a Teleſcope of a much greater Length: Though (not 
to raiſe too great Expectation) I muſt add, That, of Spherical Objc&- 


Glaſſes, thoſe are the beſt which are made of the greateſt Sphere, and whole 
Subſtance hath the greateſt Refraction. 


XVI. I. S. Campani pretends to have found a Way to work great Optick- Teeſropes ant 
Glaſſes with a Turn-tool, without any Mould : And that he uſeth three Eye- ow dls ns OY 
| Glaſſes for his great Teleſcopes, without finding any Rainbow Colours. pani Sa; garter 

The Great Duke of Tu/cany, and Prince Leopold his Brother, upon Trial hi. N. 1. 7. 2. 


made of the Glaſſes of Campani and Divini, have found that thoſe of Campani N 
excel the other; and with them they have been eaſily able to diſtinguiſh Peo- Jan. An. 1666. 


ple at 4 Leagues Diſtance. 

But Euſtachio Divini pretends, that in all the Trials made with them, his N. 12. f. 209. 
great Glaſſes have performed better than thoſe of Compani; and that Cam- 
pant was not willing to do what was neceſſary for well comparing one with 
_ _ dig. to put equal Eye-Glaſſes in them, or to exchange the ſame 

aſſes. - 

2. Tis now above ten Years ſince I invented a peculiar Way of grinding zy M. Hevelius. 
Optick-Glaſſes, and reduced it alſo into Practice; by which 'tis ealy, with- N-5: Fele FM 
out any conſiderable Danger of failing, to make and poliſh Optick-Glaſies TT 
of any Conick Section, and that (which is moſt notable) in any Diſh of any 
Section of a Sphere. I have already made ſeveral Glaſſes by it, which ma- 
ny learned Men have ſeen and try'd. | 

Mr. Huygens allo intends very ſhortly to try ſomething in that kind. pyM, Huygens: 

3. M. du Sons doth at preſent employ himſelf in London, to bring Tele- ½ qu Sons 
ſcopes to Perfection, by grinding Glaſſes of a Parabolical Figure. I have feen 1 þ. 99. | 
two Eye-Glaſſes of that Shape, about one Inch and a half deep, and one Inch YN. 7:2 $1 
and a quarter broad, wrought by this eminent Artiſt with a rare Steel Inſtru— d onTY 

ment of his own Contrivance and Workmanſhip, and by himſelt alſo poliſh'd 
to Admiration. And certainly it will be wondred at by thoſe, who ſhall {ce 
theſe Glaſſes, how they could be truly wrought to ſuch a Figure, with 

Vo L. I. St 7 ſuch 
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ſuch a Cavity; and yet more, when they ſhall hear the Author undertake 
to excavate other ſuch Eye-Glaſſes to above 2 Inches, and Object-Glaſſes 
of y Inches Diameter. He hath likewiſe already begun his Object-Glaſſes 
for the mentioned two ocular ones, of the fame Figure of about 2 Inches 
Diameter, which are to be left all open, yet withour cauſing any Colours. 
M. Burat- 4. The Optick-Glaſſes of M. Burattini in Poland, are perfectly well 
A wrought and poliſh'd, He hath ſent two to Paris, but they are only the 
7. 374. one of 10, the other of 8 Foot. They bear a great Aperture in reſpect of 
| their Length. Te OT N 
By Mr. Francis F. Mr. Fr. Smethwick having found a Way of grinding Glaſſes not Spherical, 
3 produced before the Royal Society ( Feb. 27. 166.) certain Specimina of that 
33 Psi. Invention; which were, a Teleſcope, a Reading, and two Burning-Glaſſes. 
The Teleſcope was about 4 Foot long, furniſhed with four Glaſſes, whereof 
the three ocular ones, Plano-convex, were of this newly invented ot Spherical 
Figure, and the fourth a Sperical Object-Glaſs. This being compared with 


a common, yet very good Teleſcope, longer than it by about 4 Inches, and 


turn'd to ſeveral Objects, was found by thoſe of the ſaid Society that look'd 
through them both, to exceed the other in Goodneſs, by taking in a greater 
Angle, and repreſenting the Objects more exactly in their reſpective Propor- 
tions, and enduring a greater Aperture free from Colours. 
The Reading-Glals of the fame Figure being compared with a common 
Spherical Glaſs did far excel it, by magnifying the Letters to which it was 
applied up to the very Edges, and by ſhewing them diſtinctly from one 


Brim through the Center to the other; which the Spherical Glaſs came far 


ſhort of. | . | 

Laſtly, The two burning Concaves of this new-invented Figure, were 

the one of 6 Inches Diameter, its Focus 3 Inches diſtant from the Center 
thereof; the other of the ſame Diameter, but leſs Concave, and its Focus 

10 Inches diſtant. Theſe, when approached to a large Candle lighted, did 


ſomewhat warm the Faces of thoſe that were 4 or 5 Foot diſtant at leaſt; 


and when held to the Fire, burned Gloves and Garments at the Diſtance of 
about 3 Foot from the Fire. | 


The Biſhop of Salisbury, Dr. Seth Ward, was by at another time, when 


the deeper of the two Concaves turned a Piece of Wood into Flame in the 


Space of 10 Sec. of Time, and the ſhallower in 5 Sec. at moſt, in the 


Seaſon of Autumn, about Nine of the Clock in the Morning, the Weather 


gloomy. The Inventor adds, That the deeper Concave, when held to a 
lucid Body, would caſt a Light ſtrong enough to read by at a conſiderable 
Diſtance; and that expoſing the ſame to a Northern Window, on which 
the Sun ſhined not at all, or very little, he had perceived that it would 


warm one's Hand ſenſibly, by collecting the warmed Air in the Day-time, 


which it would not do after Sunſet. i | | 
By an Artiſtat 6. We have an Arriſt at Paris that poliſhes Optick-Glaſſes on a Turn. I 
Parts. N. 49: have ſeen a Glaſs of his Wes which 1s very good. He turns thoſe 
5K Aa. 166. Glaſſes as he does Wood, that is, with the fame Facility. N 
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7. M. Borelli hath found out a ſure and very eaſy Method to work all forts N M. Borell, 
of great Glaſſes. He hath already made one of them very good of 200 . 
Foot, wrought on both Sides on the ſame Rule. His Deſire of advancing 
Aſtronomical Diſcoveries hath induced him to make Preſents of them to ſeve- 

ral Perſons capable to make ule of them. He hath entruſted the Secret to one 

of the Royal Academy of Sciences. 

Campani and Divini have commonly fold their Glaſſes at a Piſtole the Foot. N. 140. f. iooß. 
Sometimes they have far exceeded that Price. One of Divini's, of 12 Foot, July, An. 1678. 
was ſold for 400 Livres; and another of Compani's, of 34 Foot, for 2000 
Livres. Notwithſtanding which, S. Borelli is willing to part with the beſt 
of his own Glaſſes, of 0, 60, or 65 Foot, for foo ( French) Crowns; and 


the ſmall Glaſſes, from 6 to 12 Foot, at a (French) Crown a Foot; from 


12 to 18, at half a Piſtole z and from 18 to 26, at a Piſtole. 
8. Though it be commonly believed, that Rock Cryſtal is not fit for 0ptick, Lens of 


- - : 5 #; 2.2 »..* + Rock (ryſtal; b 
Optick-Glaſſes, becauſe there are many Veins in it; yet Euſtachio Divini Ru Bini“ 


made one of it, which he ſaid proved an excellent one, though full of N. 23 p. 362. 


Veins: But perhaps they were only ſuperficial Strictures and flight Scratches, Pec. An. 1666. 
not. Veins. | 

9. Drops of fair Water being let fall on a Piece of plain Glaſs, form them- of water ; by 
ſelves into Plano-convexes, having a Convexity proportionable to the Heights rg : Stephen 
from which they deſcend; from a greater Height a leſs, from a leſs a greater N, 8 539. 
Degree of Convexity. I applied ſome of theſe as Reading-Gaſſes for ſingle May, An. 1697. 
Words of ſmall Letters, as on the Globes and Maps, and found no other In- 
conveniency, than that the Fluidity of the Water obliges one to keep the 
Glaſs Horizontal, which I after deviſed a Way to remedy. I took a ſuffici- 


ent Quantity of Iſing-Glaſs, and diſſolved it in Water over the Fire, and 


whilſt it was warm I dipt a Stick into the Solution, and let ſome Drops of it 
fall on the Glaſs as before; and in a quarter of an Hour they acquire a Con- 
ſiſtency, that permits them to be held in any Poſition; and though they are 


not altogether ſo tranſparent, yet this is little or no Impediment to their Uſe. 
The Drops of this Solution are more exactly defined than thoſe of common 
Water, having their Edges exactly circular; and one may make them of a 
much longer Focus than thoſe. 3 . 

A thin flat Ring of Braſs, not exceeding 4 Tenths of an Inch Diameter 
in its interior Circle, being cemented to a plain Piece of Glaſs, and filled 
with Water, or the Solution now mentioned; then by preſſing the Finger 


into it, *till what is ſuperfluous be taken off, there will be formed a Plano- 


concave, which may ſerve as an Eye-Glaſs to a Perſpective, or to any other 
optical Uſe Concave-Glaſles are applicable to. 

I have tried what would be the Succeſs of combining Portions of Water 
by the help of Braſs Rings, and plain Pieces of Glaſs, to give them their true 


Figure and requiſite Apertures, and inſerted them at the Ends of Tubes of 
ſeveral Lengths; and find, that though theſe Natural Lentes may ſerve as 


Eye-Glaſſes, yet when uſed as Object ones, either to Teleſcopes, or double 
Microſcopes, the Effects will not compenſate the Trouble there is in uſing 


them. | | . 
36 | XVII. 
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(6196) 
The Advantiges XVII. 1. When I had found, that Light conſiſts of Rays differently refran- 
os 1+ wy gible, I left off my Glaſs- works; for I ſaw, that the Perfection of Teleſcopes 
ments; by was hitherto limited, not ſo much for want of Glaſſes truly figured according 
A on . to the Preſcriptions of Optick Authors, (which all Men have hitherto ima- 
Feb. An. 1672, gined) as becauſe that Light it ſelf is an heterogeneous Mixture of differently 
Refrangible Rays: So that were a Glaſs ſo exactly figured as to collect any 
one ſort of Rays into one Point, it could not collect thoſe alſo into the ſame 
Point, which having the ſame Incidence upon the ſame Medium, are apt to 
ſuffen a different Refraction. Nay, I wondred, that ſeeing the Difference 
of Refrangibility was ſo great as I found it, Teleſcopes ſhould arrive to that 
Perfection they are now at: For, meaſuring the Refractions in one of my 
Priſms, I found, that ſuppoſing the common Sine of Incidence upon one 
of its Planes was 44 Parts, the Sine of Refraction of the utmoſt Rays on the 
red End of the Colours, made out of the Glaſs into the Air, would be 68 
Parts, and the Sine of Refraction of the utmoſt Rays on the other End 69 
Parts; fo that the Difference is about a 24th or 25th Part of the whole Re- 
fraction. And conſequently, the Object-Glaſs of any Teleſcope cannot col- 
lect all the Rays which come from one Point of an Object, ſo as to make 
them convene at its Focus in leſs room than in a circular Space, whoſe Dia- 
meter is the ꝓoth Part of the Diameter of its Aperture; which is an Irre- 
gularity, ſome hundreds of times greater, than a circularly figured Lens, of 
ſo ſmall a Section as the Object-Glaſſes of long Teleſcopes are, would cauſe, 
by the Unfitneſs of its Figure, were Light uniform. 0 
This made me take Reflections into Conſideration; and finding them re- 
gular, ſo that the Angle of Reflection of all ſorts of Rays was equal to their 
Angle of Incidence, I underſtood that by their Mediation Optick Inſtruments 
might be brought to any Degree of Perfection imaginable, provided a reflect- 
ing Subſtance could be found, which would poliſſi as finely. as Glaſs, and 
reflect as much Light as Glaſs tranſmits, and the Art of communicating to 
it a parabolick Figure be alſo attained. Bur theſe ſeemed very great Diffi- 
culties, and I have almoſt thought them inſuperable, when I farther conſi- 
der'd that every Irregularity in a reflecting Superficves makes the Rays ſtray 
or 6 times more out of their due Courſe, than the like Irregularities in a 
refracting one: So that a much greater Curioſity would be here requiſite, 

than in figuring Glaſſes for Refraction. Ps 

 Amidft theſe Thoughts I was forced from Cambridge, Anno 1666, by the 
intervening Plague, and it was more than two Years before I proceeded fur- 
ther. But then having thought on a tender way of Poliſhing, proper for 
Metal, whereby, as I imagined, the Figure would be corrected to the laſt, 
I began to try what might be effected in this kind, and by degrees fo far per- 
fected an Inſtrument (in the eſſential Parts of it like that 1 ſent to London) 
by which I could diſcern Jupiter's four Concomitants, and ſhew'd them di- 
vers times to two others of my Acquaintance. I could alſo diſcern the Moon- 


like Phaſe of Venus, but not very diſtinctly, nor without ſome Niceneſs in 
diſpoſing the Inſtrument. 


From 
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From that time I was interrupted till this laſt Autumn, when I made 
another. And as that was ſenſibly better than the firſt, (eſpecially for Day; 
Objects) ſo I doubt not, but they will be {till brought to a much greater 
Perfection by their Endeavours, who, as you inform me, are taking care 
about it at London. 

2. This new Inſtrument is compoſed of two Metalline Speculums, the 4 re 
one Concave (inſtead of an Object-Glaſs) the other Plain: And alſo of a 8 l 
4 ſmall Plano-convex Eye-Glaſs; as in the Figure, where AB is a Concaye Mr. Newton. 
9 Speculum, of which the Radius or Semidiameter is 124 or 13 Inches. Nan * 
4 CD, another Metalline Speculum, whoſe Surface is Har, and the Circum- Fiz. 59. 
ference oval. 


GD, an Iron Wire, holding a Ring of Braſs, in which the Speculum 
= CD 1s fixed. 

| F, a ſmall Eye-Glaſs, flat above, and convex below, of the 12th Part of 
n Inch Radius, if not leſs. 


GGG, the fore Part of the Tube (which is open) faſtned to a Braſs 
Ring HI, to keep it immoveable. 


PQKL, the hinder Part of the Tube, faſtned to another Braſs Ring 

PQ. 

O, an Iron Hook faſtned to the Ring PQ, and furniſh'd with a Skrew 

"Mo thereby to advance or draw back 2251 hinder Part of the Tube, and {0 
by that means to put the Specula in their due Diſtance. 

MQGI1, a crooked Iron ſuſtaining the Tube, and faſtned by the Nail R 
to the Ball and Socket 8, whereby the Tube may be turned every Way. 

The Center of the flat Speculum CD, mult be placed in the ſame Point 
of the Tube's Axe, where falls the Perpendicular to this Axc, drawn to the 
_ ſame from the Center of the little Eye-Glaſs; which Point is here markcd 
at . 

And to give the Reader ſome Satisfaction to underſtand in what Degree 
it repreſents Things diſtinct, and free from Colours, and to know the Aper- 
ture by which it admits Light, he may compare the Diſtances of the Focus 
E from the Vertexcs of the little Eye-Glals and the Concave i rung" that 
is, EF, z of an Inch, and ET V, 6 3 Inches; and the Ratio will be found as 
I to 38; whereby it appears, that the Objects will be magnihed ahout 38 
times; and be repreſented bigger by 2 4 times in Diameter, when ſecn thro? 
this, than thro” an ordinary "Teleſcope of about 2 Foot long. 

Thus far as to the Structure of this Teleſcope. Concerning the metalline 
Matter, fit for theſe Reflecting Speculums, the Inventor hath alſo conſider'd 
the ſame, and gives this Caution, That whilſt Men feck for a white, hard, 
and durable meætalline Compoſition, they reſolve not upon ſuch an one as 1s 
full of ſmall Porcs, only diſcoverahle by a Microſcope: For tho' ſuch zn.one 
may, to Appearance, take a good Poliſh, yet the Edges of thoſe ſmall Pores 
will wear away faſter in the Poliſhing, than rhe other Parts of the Metal; 
and fo, however the Metal ſeem polite, yet it ſnall not reflect with ſuch an 
accurate Regularity as it ought to do. Thus Tin-Glaſs mixt with ordinary 
Bell-Metal makes it more white, and apt to reflect a greater Quantity of 


Light ; 5 
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Light; but withal, its Fumes raiſed in the Fuſion, like ſo many aerial Bub- 


bles, fill rhe Metal full of the microſcopical Pores. But white Arſenick 
both blanches the Metal, and leaves it ſolid, without any ſuch Pores, eſpe- 
cially if the Fuſton hath not been too violent. What the Stellate-Regulus 
of Mars, (which I have ſometimes uſed) or rather ſuch like Subſtance, will 
do, delerves particular Examination. 
To this he adds this further Intimation, That Putty, or other ſuch like 
Powder, with which 'tis poliſh'd, by the ſharp Angles of its Particles, fret- 
teth the Metal, if it be not very fine, and fills it full of ſuch {tall Holes as 
he ſpeaketh of. Wherefore Care muſt be taken of that, before Judgment be 
given, whether the Metal be throughout the Body of it porous or not. 
But not having tried, as he faith, many Proportions of the Arlenick and 


Metal, he does not affirm which is abſolutely beſt, but thinks there may 
conveniently be uſed any Quantity of Arſenick equalling in Weight between 


a ſixth and an eighth Part of the Copper; a greater Proportion making the 
Metal brittle. 


The Way which he uſed was this: He firſt melted the Copper alone, then 


put in the Arſenick, which being melted, he ſtirred them a little together, 
bewaring, in the mean time, not to draw in Breath near the pernicious 
Fumes. After this he put in Tin; and again, ſo ſoon as that was melted, 
(which was very ſuddenly) he ſtirred them well together, and immediately 
poured them off. 35 
He faith, He knows not, whether by letting them ſtand longer on the 
Fire after the Tin was melted, a higher Degree of Fuſion would have 
made the Metal porous; but he thought that Way he proceeded to be the 
ſafeſt. 
He adds, That in the Metal, which he ſent to London, there was no Arſe— 


nick, but a ſmall Proportion of Silver; as he remembers, one Shilling in 


three Ounces of Metal. But he thought withal, that the Silver did as 
much harm in making the Metal ſoft, and fo leis fit to be poliſh'd, as 
good in rendring it white and luminous. ; 

Ar another time he mixed Arſenick one Ounce, Copper ſix Ounces, and 
Tin two Ounces; and this an Acquaintance of his hath, as he intimates, 
poliſh'd better than he did the other. . 


As to the Objection, That with this kind of Perſpectives, Objects are 


difficultly found; he anſwers, That that is the Inconvenience of all Tubes 
that magnify much; and that after a little Uſe, the Inconvenience will 
grow lets, ſeeing that himſelf could readily enough find any Day Objects, by 
knowing which way they were poſited, from other Objects that he acciden- 
rally ſaw in it. But in the Night to find Stars, he acknowledges it to be 


more troubleſome; which yet may, in his Opinion, be eaſily remedied by 


two Sights affixed to the Iron Rod, by which the Tube is ſuſtained, or by 
an ordinary Perſpective-Glaſs faſtned to the ſame Frame with the Tube, and 


directed towards the ſame Object; as Des Cartes in his Dioptricks hath deſcribed, 


for remedying the ſame Inconvenience of his beſt Teleſcopes. 
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more eaſy to make a Parabolical, than Elliptical or Hyperbolical ones, by reaſon 


well know, that that Inſtrument hath irs Impertections both in the Com- 
poſition of the Metal, and in its being badly caſt, as you may perceive by a 
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3. I ſee by the Deſcription you have ſent. me of Mr. Newton's admirable H ty 
Teleſcope, that he hath well conſidered the Advantage which a Concave 2 Hugens de 


ulichem, 


Speculum hath above Convex- Glaſſes in collecting the parallel Rays; which 1bid, P. 4908, 


certainly, according to the Calculation I have made thereof, 1s very grear. | 
Hence it is, that he can give a far greater Aperture to that Speculum, than | 
to an Object-Glaſs of the ſame Dittance of the Focus; and conlequently, 


that he can much more magnify Objects this Way, than by an ordinary 
Teleſcope. Beſides, by it he avoids an Inconvenience, which is inſeparable 
from Convex Object-Glaſſes, which is the Obliquity of both their Surfaces, 
which vitiateth the Refraction of the Rays that paſs towards the Sides of 
the Glaſs, and does more hurt than Men are aware of. Again, by the meer 
Reflection of the metalline Speculum there are not ſo many Rays loſt as in 
Glaſſes, which reflect a conſiderable Quantity by each of their Surfaces, and 
beſides intercept many of them by the Obſcurity of their Matter. 

Mean time the main Buſineſs will be, to find a Matter for this Speculum 
that will bear ſo good and even a Poliſh as Glaſſes, and a Way of giving this 
Poliſh without vitiating the Spherical Figure. Hitherto I have found no 
Specula that had near ſo good a Poliſh as Glaſs: And if Mr. Newton hath 
not already found a way to make it better than ordinarily, I apprchend his 
Teleſcope will not ſo well diſtinguiſn Objects as thoſe with Glafles. Bur 'tis 
worth while to ſearch for a Remedy to this Inconveniency, and 1 deſpair nor 
of finding one. | believe that Mr. Newtoz hath not been without conſider— 
ing the Advantage, which a Parabolical Speculum would have above a Sphc- 
rical one in this Conſtruction; but that he deſpairs, as well as I do, of work- 
ing other Surfaces than Spherical ones with due Exactneſs; tho” elſe it be 


of a certain Propriety of the Parabolick Conoid, which is, that all the 
Sections parallel to the Axis make the ſame Parabola. Rs 

But though Mr. Newton (with M. Hugens) deſpairs of performing that 1d. p. 400g, | 
work by Geometrical Rules, yet he doubts not but that the thing may in 5 
ſome meaſure be accompliſh'd by mechanical Devices. 5 

4. In my laſt Letter J gave you occaſion to ſuſpect that the Inſtrument |, ,,,,z,, 
which I ſent you is in ſome reſpect or other indiſpoſed, or that the Metals Account of 
are tarniſhed; and by yours I am fully confirm'd in that Opinion: For, , Newton. 
whilſt I had it, it repreſented the Moon in ſome Parts of it as diſtinctly as Ibid. ; 


other Teleſcopes uſually do which magnify as much as that. Vet I very 


ſcabrous Place near the Middle of the Metal of it on the poliſſi'd Side, and 
alſo in the Figure of that Metal near that ſcabrous Place: And in all thoſe 

Reſpects that Inſtrument is capable of further Improvement. 

You ſeem to intimate, that the Proportion of 38 to 1, holds only for its 

magnifying Objects at ſmall Diſtances. Bur if tor ſuch Diſtances, ſuppoſe 

foo Feet, it magnify at that Rate, by the Rules of Opticks it mult for the 
greater Diſtance imaginable magnity more than 37 ; to 1, which is to in- | 
conſiderable a Diminiſhing, that it may be cven then as 38 to 1. ; | 
onus | Here 3 
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Here is made another Inſtrument like the former, which does very well. 
Yeſterday I compared it with a ſix Foot Teleſcope, and found it not only to 
magnify more, but alſo more diſtinctly: And to Day I found, that I could 
read in one of the Philoſophical Tranſactions, placed in the Sun's Light, at 
an 100 Foot Diſtance, and that at an 120 Foot Diſtance I could diſcern ſome 
of the Words. When I made this Trial, its Aperture (defined next the 
Eye) was equivalent to more than an Inch and a third Part of the Objett- 
Metal. This may be of fome Uſe to thoſe that ſhall endeavour any thing 
in Reflections; for hereby they will in ſome meaſure be enabled to judge of 
the Goodnels of their Inſtruments. 


838 7. I know that the Aperture was 1 of an Inch, by trying that an 
ant Charges 


theſe Io. Obſtacle of that Breadth was requiſite to intercept all the Light which came 


ments; by Mr, from one Point of the Object. 
A NOT I ſhould tell you alſo, that the little plain Piece of Metal next the Eye- 


April, An. 1502 Glaſs is not truly figured : Whereby it happens, that Objects are not ſo 
diſtinct at the Middle as at the Edges. And I hope, that by correcting its 
Figure (in which I find more Difficulty than one would expect) they will 
appear all over diſtinct, and diſtincter in the Middle than at the Edges. And 
A doubt not but that the Performances will then be greater. 


Bur yet I find, that there is more Light loſt by Reflection of the Metal 


which I have hitherto uſed, than by Tranſmiſſion through Glaſſes : For 
which Reaſon a ſhallower Charge would probably do better for obſcure Ob- 

jects; ſuppoſe ſuch a one as would magnity 34 or 32 times. But for bright 
Objects at any Diſtance, it ſeems capable of magnifying 38 or 40 times, with 
ſufficient Diflin&tneſs. And for all Objects, the ſame Charge, I believe, may 
with Advantage be allowed, if the ſteely Matter, employ'd at London, be more 
{trongly reflective than this which J have uſed. 


The Performances of one of theſe Inſtruments of any Length being known, 


it will appear by this following Table, what may be expected from thoſe of 
other Lengths by this Way, it Art can accompliſh what is promiſed by the 
Theory. In the firſt Column is expreſſed the Length of the Teleſcope in 
Feet; which doubled, gives the Semidiameter of the Sphere on which the 
Concave Metal is to be ground. In the ſecond Column are the Proportions 
of the Apertures for thoſe ſeveral Lengths. And in the third Column are 
the Proportions of the Charges, or Diameter of the Spheres, on which the 
Conyex Superficies of the Eye-Glaſſes are to be ground. 


| Lengths. Apertures. Charges] |Lengths. Apertures .\Charges. ; 
4 100 100 8 Soo 200 
1 168 i 3-066 1 241 
2 283 141 „ 
3 333 | If7 16 | 1345 | 238 
4 476 168 | | 20 15791 271 
7 762 6 / BG A Ok OE eee 263 

— 61-645 186 _ 
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The Uſe of this Table will beſt appear by Example: Suppoſe therefore a 
- half Foot Teleſcope may diſtinctly magnify 3o times with an [ach Aperture, 
4 and it being required to know, what ought to be the analogous Conſtitution 
23 and Performance of a four Foot Teleſcope: By the ſecond Column, as 199 
to 476; lo are the Apertures, as allo the Number of Times which they 
magnity. And conſequently {ince the halt Foot Tube hath an Inch Aper— | 
ture and magntheth zo times, a four Foot Tube proportionally ſhould have 
; AF 4 Inches Aperture, and magnity 143 times. And by the third Column, 
*® as 100 to 168; ſo have their Charges: And therefore if the Diameter of the 
Convexity of the Eye-Glaſs for a half Foot Feleſcope be; of an Inch; that 
for a four Foot ſhould be 35, that is about; of an Inch; and ſo of other | 
Lengths. But what the Event will really be, we mult wait to ſee determined 
by Experience. Only this I thought fit to inſinuate, that they which intend 
to make Trial in other Lengths, may more readily know how to deſign 
their Inſtruments. Thus for a four Foot Tube, ſince the Aperture ſhould 
be 5 or 6 Inches, there will be required a Piece of Metal 7 or 8 Inches 
broad ar leaſt, becauſe the Figure will ſcarcely be true to the Edges. And | 
3 the Thickneſs of the Metal muſt be proportional to the Breadth, leſt it | 
BF bend in the Grinding. The Metals being poliſhed, there may be Trials, 
* mace with ſeveral Eye-Glaſſes, to find what Charge may with beſt Advan- 
tage be made ule of. Te, RD 


DT. 
== 


1 XVIII. I. I doubt not but M. A. will allow the Advantage of Re- Some 0yeti ns 

I flection in the Theory to be very great, when he ſhall have informed him- LC. 
ſelf of the different Refrangibility of the ſeveral Rays of Light. And for Mr. Newton, 
the practick Part, it is in forme Meaſure manifeſt by the Inſtruments already ib. f. 4034: 
made, to what Degree of Vivacity and Brightneſs a metalline Subſtance may 
be poliſhed. Nor is it improbable but that there may be new Ways of 
Poliſhing found out for Metal, which will far excel thoſe that are yet in | 
Ule. And when a Metal is once well poliſhed, it will be a long while 
preſerved from tarniſhing, if Diligence be uſed to keep it dry and cloſe ſhur =_ 
up from Air: For the principal Cauſe of Tarniſhing ſeems to be the con- 
denſing of Moiſture on its poliſh'd Surface, which, by an acid Spirit, 
wherewith the Atmoſphere is impregnated, corrodes and ruſts it; or at leaſt 

. at its exhaling leaves it cover'd over with a thin Skin, conſiſting partly of an 

cearthy Sediment of that Moiſture, and partly of the Duſt, which, flying 

$ to and fro in the Air, had ſettled and adhered to it. 

Where there is not occaſion to make frequent Uſe of the Inſtrument, 

I there may be other Ways to preſerve the Metal for a long time; as perhaps 

1 by immerging it in Spirit of Wine, or ſome other convenient Liquor. And 

if they chance to tarniſh, yet their Poliſh may be recover'd by rubbing 
them with a ſoft Piece of Leather, or other tender Subſtance, without the 


Aſſiſtance of any fretting Powders, unleſs they happen to be ruſty ; for then 
they mult be new poliſhed. _ 
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The con ſiderati- 
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Jam very ſenſible, that Metal reflects leſs Light than Glaſs tranſmits; 
and for that Inconvenience, I gave you a Remedy in my laſt Letter, by al- 
ſigning a ſhallower Charge in Proportion to the Aperture, than is uſed in 
other Teleſcopes. Bur as I have found ſome metalline Subſtances to be more 


ſtrongly reflective, and to poliſh better, and be freer from tarniſhing than 


others; ſo I hope there may in time be found out ſome Subſtance much freer 
from theſe Inconveniencies than any yet known. 


2. The Conſiderer is pleaſed to reprehend me for laying aſide the Thoughts 


ons of == = = = of improving Opticks by Refractions. If he had obliged me by a private 


Anſwered, by 
Mr. Newton. 
N. 88. p 508 


Nov. An. 


Letter on this Occaſion, I would have acquainted him with my Succeſs on 
4 the Trials I have made of that kind, which I ſhall now ſay have been leſs than 


1972- J ſometimes expected, and perhaps than he at preſent hopes for. But ſince 


& 


he is pleaſed to take it for granted, that I have ler this Subject paſs without 


due Examination, 1 ſhall refer him to my former Letters, by which that 
Conjecture will appear to be ungrounded. For what 1 ſaid there, was in 
reſpect of Teleſcopes of the ordinary Conſtruction, ſignifying, that their 
Improvement is not to be expected from the well-figuring of Glaſſes, as Opti- 
cians have imagined; but I deſpaired not of their Improvement by other 
Conſtructions, which made me cautious to inſert nothing that mighr intimate 
the contrary. For although ſucceſſive Refractions that are all made the ſame 
Way, do neceſſarily more and more augment the Errors of the firſt Refra- 
ction; yet it ſeemed not impoſſible for contrary Refractions fo to correct 
each others Inequalities, as to make their Difference regular; and if that could 
be conveniently effected, there would be no further Difficulty. Now to 
this end, I examined what may be done, not only by Glaſſes alone, bur 
more eſpecially by a Complication of divers ſucceſſive Mediums, as by two 
or more Glaſſes or Cryſtals with Water or {ome other Fluid between them; 
all which together may perform the Office of one Glaſs, eſpecially of the 
Object-Glaſs, on whoſe Conſtruction the Perfection of the Inſtrument chief- 
Iy depends. -:.:-- FO 3 

To the Aſſertion, That Rays are leſs true reflected to a Point by a Con- 
cave, than refracted by a Convex, I cannot aſſent; nor do I underſtand 5 
That the Focus of the latter is a leſs Line than that of the former. The 
Truth of the contrary you will rather perceive by the following Table, 


computed for ſuch a reflecting Concave, and the refracting Convex, on 
Suppoſition that they have equal Apertures, and collect parallel Rays at an 


equal Diſtance from their Vertex; which Diſtance being divided into 
15000 Parts, the Diameter of the Concave Sphere will be 60000 of thoſe 
Parts, and of the Convex 10000; ſuppoſing the Sines of Incidence and Re- 
fraction to be, in round Numbers, as 2 to 3. And this Table followin 


ſhews, how much the exterior Rays, at ſeveral Apertures, fall ſhort of their 


principal Focus. 
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33 2 4 


The Parts of the Axis in. 
The Diame-| tercepted between thi The Errors by 
ter of the] Verte and the Rays. 3 a | 
Aperture. 1333 3 
effected. | Ref rated. | Reflection. | Refraftion. 
2000 | 14991 7 14865 83 Ly + 
4000 | 14966 I 4449 "HT 1 
6000 | 14924 13699 — MY 111 
8000 14867 [12475 135 2777 
10000 | 14787 Oe Teagan 


-- 


By this you may perceive, that the Errors of the refracting Convex are 


without reſpect to the heterogeneous Conſtitution of Light. So that, how- 
ever the contrary Suppoſition might make the Author of theſe Animadver- 
ſions reject Reflections as uſeleſs for the promoting of Opticks; yet I muſt 


fo far from being leſs, that they are more than 16 times greater than the like 
Errors of the reflecting Concave, eſpecially in gieat Apertures; and that 


for this, as well as other Conſiderations, prefer them in the Theory before 


Re fractions. 

Whether the Parabol be more difficult to deſcribe than the Hyperbola, or 
Ellipſis, may be a Query; but I fee no abſolute Neceſſity of endeavouring 
after any of their Deſcriptions. For if Metals can be ground truly Spheri- 


cal, they will bear as great Apertures, as I believe Men will be well able to 
communicate an exact Poliſh to. 


Deformity of Refractions; which if it did not, I could tell you a better 
and more eaſy Remedy than the Uſe of the Conic Sections. . 
3. We ice that a Picture made by an Object-Glaſs of 12 Foot in a dark 


Room, is too diſtinct, and too well defined, to be produced by Rays, that 
ſhould {tray the foth Part of the Aperture. | 


And for Dioptrique Teleſcopes, I told 
you, that the Difhculty conſiſted not in the Figure of the Glaſs, bur in the 


Ohjections; by 
M, 

N. 96. p. 5087. 
July, An. 1673. 


To take away this Difficulty, I muſt acquaint you, that though I put 4e by 


the greateſt Lateral Error of the Rays from one another to be about of 
the Glaſs's Diameter; yet their greater Error from the Points on which they 
ought to fall, will be but 75+ of that Diameter: And then, that the Rays, 
whoſe Error is ſo great, are but very few in Compariſon to thoſe, which are 
refracted more juſtly ; for the Rays which fall upon the middle Parts of the 
Glaſs, are refracted with ſufficient Exactneſs, as alſo are thoſe that fall near 
the Perimeter, and have a mean Degree of Refrangibility; ſo that there re- 


main only rhe Rays which fall near the Perimeter, and are moſt or leaſt re- 
frangible, to cauſe any ſenſible Confuſion in the Picture. And theſe are yet 


ſo much further weakned by the greater Space through which they are ſcat- 
ter'd, that the Light which falls on the due Point, is infinicely more denſe 
than that which falls on any other Point round about ir. And by this 


Dd 2 Exceſs 


Arr. Neu ton. 
N. 97» 5. 61 10. 


Oct. An. 1673. 
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: (204) 
Exceſs of Denſity, the Light which falls in or inviſibly near the juſt Point, 
may, I conceive, ſtrike the $er/orium ſo vigorouſly, that the Impreſs of the 
weak Light, which errs round about it, thall, in Compariſon, not be ſtrong 
enough to be animadverted, or to caule any more ſenſible Confuſion in the 
Picture than is found by Experience. Bur if this fatisty not, N. may try, 
if he pleaſe, how diſtinct the Picture will appear, when all the Lens is co— 
ver'd, excepting a little Hole next its Edge on one Side only: And if in this 
Caſe he pleaſe ro meaſure the Breadth of the Colours thus made at the Edge 
of the Sun's Picture, he will perhaps find it to approach nearer to my Pro- 
portion than he expects. 

2 by 4. I am ſatisfied with the manner whereby Mr. Newton reconciles the 


lid. p, 6112, Effect of Convex-Glaſſes with his Theory; but then he is alſo to acknow- 


ledge, that this Aberration of the Rays is not ſo diſadvantageous to Optick- 
Glaſſes, as he ſeems to have been willing to make us believe. His Invention 


is very good; but the Defect of the Metal ſeems to render it as impoſtible 
to execute, as the Difficulty of the Form obſtructs the Uſe of the Hei- 


bole of M. Des Cartes. 
3 If M. N—— pleaſes to compare the Errors of a- Glaſs and Speculum 
N. 96. p. 6091. that collect Rays at equal Diſtances, he will find how much he is miſtaken, 


July, An. 167g. and that I have not been extravagant, as he imagines, in preferring Reflections. 


And as for what he ſays of the Difficulty of the Praxis, I know it is very diffi- 


cult; and by thoſe Ways which he attempted it, I believe it impracticable. But 


there is a Way inſinuated above by which it is not improbable, but that as 
much may be done in large Teleſcopes as I have thereby done in {hort ones; 
but yet not without more than ordinary Diligence and Curioſity. 


eren XIX. 1. M. Caſſegrain has communicated the Figure of a Teleſcope, 
by . Cam Almoſt like that of Mr. Newton. . 


grain. N. 8 3. ABCD is a ſtrong Tube, in the bottom of which there is a great Con- 
en cave Speculum C D, pierced in the middle E. 


Fig. 10, P' is a Convex Speculum, fo diſpoſed, as to its Convexity, that it reffects 


the Species, which it receives from the great Speculum, towards the Hole 
E, where is an Eye-Glaſs, which one looketh through. 

The Advantage which I find in this Inſtrument above that of Mr. Neu- 
ton, is, I. That the Mouth or Aperture AB of the Tube may be of what 
Bigneſs you pleaſe; and conſequently you may have many more Rays upon 
the Concave Speculum, than upon that of which you have given us the De- 
tcription. 2. The Reflection of the Rays will be very natural, ſince it 
will be made upon the Axis it ſelf, and therefore more vivid: 3. The Vi- 
ſion of it will be ſo much the more pleaſing, in that you ſhall not be in- 
commoded by the great Light, by reaſon of the bottom CD, which hideth 


the whole Face. Beſides, you'll have leſs Difficulty in diſcovering the Ob- 


jects, than in that of Mr. Newton. | 
Confideredby 2. When I firſt applied my (elf to try the Effects of Reflections, Mr. Grego- 
_ NYE ry's Optica Promota (printed in the Year 1663.) being fallen into my Hands, 
./ where there is an Inſtrument ( deſcribed p. 94.) like that of Mr. Caſegrain's, 
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with a Hole in the midſt of the Object Metal, to tranſmit the Light to an 
Eye- Glaſs placed behind it; I had thence an Occaſion of conſidering that fort 
of Conſtructions, and found theſe Difadvantages in it; viz. 1. There will be 
more Light loſt i-the Metal by Reflect ion from the little Convex Speculum, 
than from the oval Plane. For it is an obvious Obſervation, That Light is 
moſt copioully reltected from any Subſtance when incident molt obliquely. 
2. The Convex Speculum will not reflect the Rays fo truly as the oval Plane, 


unleſs it be of an hyperbolick Figure; which is incomparably more difficult 
to form than a Plane; and it truly formed, yet would only reflect thoſe 
Rays truly which reſpect the Axis. 3. The Errors of the ſaid Convex will 


be roo much augmented by the too great Diſtance, through which the Rays 
reflected from it muſt paſs, before their Arrival at the Eye-Glaſs. For 
which Reaſon, I find it convenient to make the Tube no wider than is ne- 
ceſſary, that the Eye-Glals be placed as near to the oval Plane as is poſſible, 
without obſtructing any uſeful Light in its Paſſage to the Object- Metal. 4. 
The Errors of the Object- Metal will be more augmented by Reflection from 
the Convex than from the Plane, becauſe of the Inclination or Deflexion of the 
Convex on all ſides, from the Points on which every Ray ought to be in- 
cident. . For theſe Reaſons there is requiſite an extraordinary Exactneſs 


in the Figure of the little Convex; whereas I find by Experience that it is 
much more difficult to communicate an exact Figure to ſuch ſmall Pieces of 


Metal, than to thoſe that are greater. 6. Becauſe the Errors of the Perime- 
ter of the Concave Object-Metal, cauſed by the Sphericalneſs of its Figure, 
are much augmented by the Convex, it will not with Diſtinctneſs bear ſo 


| large an Aperture as in the other Conſtruction. 7. By reaſon that the little 
_ Convex conduces very much ro the magnifying Virtue of the Inſtrument, 
which the oval Plane does not, it will magnity much more in Proportion 


to the Sphere, on which the great Concave is ground, than in the other 
Deſign; and ſo magnifying Objects much more than it ought to do in Pro- 
portion to its Aperture, it muſt repreſent them very obſcure and dark; and 
not only ſo, but alſo confuſed, by reaſon of its being over- charged. Nor is 
there any convenient Remedy for this. For if the little Convex be made of 


a larger Sphere, that will cauſe a greater Inconvenience, by intercepting too 


many of the beſt Rays; or if the Charge of the Eye-Glaſs be made fo much 


ſhallower as is neceſſary, the Angle of Viſion will thereby become ſo little, 
that it will be very difficult and troubleſome to find an Object; and of thar - 


Object, when found, there will be but a very ſmall Part ſeen at once. 


—— 


By this you may perceive, that the three Advantages, which Mr. Cafe- 


grain propounds to himſelf, are rather Diſadvantages. | For according to his 
Deſign, the Aperture of the Inſtrument will be bur ſmall, the Object dark 


and confuſed, and alfo difficult to be found. Nor do I ſce, why the Re- 


flection is more upon the fame Axis, and to more natural in one Cate than in 
the other; ſince the Axis it ſelf is reflected towards the Eyc by the oval 
Plane, and the Eye may be defended from external Light, as well at the 
Side as at the Bottom of the Tube. 


Mr. Gregory 


( 206 ) 


Mr. Gregory ſpeaking of theſe Inſtruments, in the aforeſaid Book, p. of. 
faith; De Mechanica borum Speculorum & Lentium, ab aliis fruſira tentata, ego 
mn Mechanicis minus verſatus nihil dico. So that there have been Trials made 
of theſe Teleſcopes, but yet in vain. And I am informed, that about 7 or 
8 Years ſince, Mr. Gregory himſelf, at London, cauſed one of 6 Foot to be 
made by Mr. Reive, which I take to have been according to the aforeſaid 
Deſign deſcribed in his Book; but, though made by a skilful Artiſt, yet it 
was without Succeſs. | | . 


8 XX. S. Salvetti hath made a Proſpective-Glaſs according to Mr. Newton's 
F. Salvett. new Invention. It was not above half a Foot long, but had the ſame Effect of 
Stor 5065. one of two. He is now making another after the Conceit of Mr. Caſſegrain, 
A): though he agrees not with him in making Convex the little Speculum, which 
one looks into through the Eye-Glais, but believes the Hench Author only 

deviſed that to diſguiſe as much as was poſſible his pretended new Invention, 


which he endeavours to make anterior to Mr. Newton's moſt noble one. 


Jo make the i= XXI. 1. Oppoſite to the Place or Wall, where the Apparition is to be, 
ure of any | . 5 5 . 4 5 

thing appear i» let a Hole be made of about a Foot in Diameter, or bigger: If there be a high 

5 Window, that hath a Caſement in it, twill be fo much the better. With— 

N. 38. p. 741, Out this Hole or Caſement open'd, at a convenient Diſtance (that it may 

Aug. An. 1688, not be perceiv'd by the Company in the Room) place the Picture or Ob- 

ject, which you will repreſent, inverted, and by means of Looking-Glaſſes 

placed behind, if the Picture be tranſparent, reflect the Rays of the Sun fo, 

as that they may paſs through it towarꝗs the Place where it is to be repre- 

ſented; and to the End that no Rays may paſs beſides it, let the Picture be 

encompaſs'd on every ſide with a Board or Cloth. If the Object be a 

Statue, or ſoine Living Creature, then it muſt be very much enlightned by 

caſting the Sun-Beams on it by Refraction, Reflection, or both. Between 

this Object and the Place where 'tis to be repreſented, there is to be placed 

a broad Convex-Glaſs, ground of ſuch a Convexity, as that it may repre- 

ſent the Object diſtinct on the ſaid Place; which any one, that hath an In- 

ſight in the Opticke, may eaſily direct. The nearer it is placed to the 

Object, the more is the Object magnified on the Wall, and the further off 

the leſs; which Diverſity is effected by Glaſſes of ſeveral Spheres. If the 

Object cannot be inverted (as 'tis pretty difficult to do with Living Ani— 

mals, Candles, Sc.) then there mult be two large Glaſſes of convenient 

Spheres, and they placed at their apprppriated Diſtances (which are very 

eaſily found by Trials) fo as to take theſRepreſentations erect, as well as the 

Object. 1 85 

Theſe Objects, Reflecting and Refradting Glaſſes, and the whole Appa- 

ratus; as alſo the Perſons employ'd to order, change, and make uſe of them, 

muſt be placed without the ſaid high Window or Hole, ſo that they may 

not be perceiv'd by the Spectators in the Room; and the whole Operation 

will be eaſily perform'd. 

| | T 

| What- 
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W hatſ{ocver nay be done by means of the Sun-Beams in the Pay— time, 
the ſame may be done with much more caſe in the Night, by the help of 
Torches, Lamps, or other bright Lights, placed about the Ob; jecte, accord— 
ding to the ſeveral ſorts of them. 
2. There are every where made of theſe Lanthorns to repreſent and mag- Th. Magi. 


k 
nify Figures upon a Wall; but then 'tis only in the Dark: wherefore to give Lemtborn im— 


Variety of Colours, take 0! | of Spike, an d therein mix the ſeveral C Olours, 2 

wherewith you will have your Gla!s to be ſtained; paint them finely on, they well. 
) ty, and penetrate any Glaſs. N 245. P. 364. 

dry preſen ys a d penetrate any Glas. | Fay AP wo 


XXII. Having found by many Trials, that ſome ſhort— nalred Perſons 4 Way 16 bots 
could find little or no Relief by the Uſe of Concave-Glaſſes for ſeeing Ob- Shwi-fghrednef, 
jects at any Diſtance diſtinct, and that any one may be made ſhort- fi; Zhtcd, 1 ol. 
and to be able to diſtinguiſh nothing but what is placed very near his Eye, N. 3. . 59. 


but within certain Limits of Diſtance, by putting on and looking through a Dec. Au. 1681. 


very deep pair of Spectacles, ſuch as Ancient Men uſe: I concluded that 


what Glaſſes ſnould make this Man, whiltt looking thro' theſe Spectacles, to 
ſee Things at a greater Diſtance, would alſo help any other Perſon that ſhould 
be ſhort-ſighted by Nature. I then conſider'd, that by the help of a Con- 
vex-Glals, placed between the Object and the Eye, the Image of the Ob— 
Ject may be made to appear at any Diſtance from the Eye; and conſequently 
all Objects may thereby be made to appear in any convenient Diſtance from 
the 22 So that the ſhort- ſighted Eye ſhall contemplate the Picture of the 
Object, in the ſame manner as if the Object itſelf were in that Place. But 


ö then, becauſe the Pictures themſelves are fo inverted, and therefore will be 


uncouth to one, not uſed to ſee them in that P ofture, conſider'd of theſe 


Expedients to help that Detect allo, 


Firſt, If it be only for Reading of a Book, or W riting, there needeth 


nothing but the Inverſion of the Book, and then holding the Convex at a 


due Diſtance; for the Picture of the Letters will appear erected in the duc 
Place, for the Eye to ſce and diſtinguiſh them very plainly. 

Secondly, For ſeeing to Write, I thought this would be the beſt E. xpedi- 
ent, That the Perſon ſhort- ſighted ſhould firſt learn to Read with his naked 
Eye (both printed Letters and aiſo written Hand) upſide end, which 
is quickly attained to by one that can do both the right Way. 

Thirdly, For diſtinguiſhing Objccts at a Diſtance, I can aſſert by my 


own Experience, that with a little Uſe of contemplating Objects inverted, 
one ſhall have as good an Idea, and as true a Knowledge of all manner of 


Objects, as if they were {cen erected in their natural Poſture. 


XXIII. 1. Enſachio Divini hath made a Microſcope of a new Invention, Microſcopes ; by 
wherein, inſtead of an Eye-Glaſs. Convex on bot! ſides, there are two Plano- ors 227 
Convex Glaſſes, which are ſo placed, as to touch one another in the middle Nec. An. 1868. 
of their Convex Surface. Ir Lath this t eculiar, that it ſhews che Obicas 


flat and nor crooked; and although it takes in much, yet nevertheless mag- 


It 
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It is almoſt 16; Inches high, and adjuſted at four different Lengths. In 
the firit, which is the lcaſt, it ſhews Lines 41 times bigger than they appear 
to the naked Eye; in the ſecond 90 times; in the third 111 times; and in 
the fourth 143 times: Whence one may caſily calculate how much it aug- 
ments Surfaces and Solidities. 

ny S. Piet. Sal- 2. F. Halvelti lately ſhew'd one of his Microſcopes, made in Imitation of 


vetti. N. 97. thoſe of Divini and Campani, to the Great Duke of Tuſcany, which was judg- 
p. 3065. 


Oct. An. 1672. cd by all much better than any of the beſt his Highneſs hath. It was 


found, for Magnifying, Defining, and Clearneſs, to be very excellent. 
By M. Leeu- 3. M. Leeuwenhboeck hath lately contrived Microſcopes, excelling thoſe 
1 ,. that have been hitherto made by Euffachio Divini, and others. 
May, An. 1653. 4. I have Microſcopes of the manner lately brought out of Holland by 
e, nge Mr. Haygens, of ſeveral Faſhions ready made. I have tried ſeveral Ways for 
p. 1026. the making of Glaſſes of the Bignels of a great Pin's Head and leſs; as in the 
Sept. An. 1678. Flame of a Tallow-Candle, and of one of Wax. But the beſt Way ot all 
have yet found, to make them clear and without Specks, is with the Flame 
of Spirit of Wine well rectified, and burned in a Lamp. Inſtead of Cotton 
I make ule of very ſmall Silver- Wire, doubled up and down like a Skein of 
Thread; which being wet with the Spirit of Wine, and made to burn in 


the Lamp, giveth through the Veril of the Lamp, a very ardent Flame. 


Then take your beaten Glaſs, being ſirſt waſhed very clean, upon the Point 


of a Silver Necdle filled very ſmall, and wet with Spittle. Hold ir thus in 
the Flame till it be quite round, and no longer, for fear of burning it; and 


if the ſide of the Glaſs next the Needle be not melted, you may put it off, 


and take it up with the Needle on the round ſide, preſenting the rough fide 
to the Flame, till it be every where round and ſmooth, then wipe and rub 
one or ſeveral of them together with ſoft Leather, which makes them much 
the better. 'Then put them between two Pieces of thin Braſs, the Apertures 
very round and without Bur, and that towards the Eye fo big almoſt as the 


Diameter of the Glaſs, and fo placed in a Frame with the Object conveniently 


for Obſervation. 


by Mr. 8 J. I took a {mall Particle of Glaſs, about the Bigneſs I deſigned my Glo- 

ray. bule, and lay ing it on the End of a Charcoal, I could, by the Help of a 

June,An.1626. Blaſt-Pipe, with the Flame of a Candle, ſoon melt it into a Spherule; and 
by this means could make them indifferently clear, and, the ſmalleſt ver 


round, and I could make them much larger, than by the unaſſiſted Heat 


of the Candle: bur theſe latter were attended with an Inconvenience they 


were, on that {ide that reſted on the Coal, flatted, and received a rough 
Impreſſion from it. To remedy this Inconvenience, I was wont to grind 
them and poliſh them on a Braſs-Plane, and ſo reduce them to Hemiſphe- 


rules; but I found the clear {mall Globules, not to mention that they magnify 
more, ſhew Objects more diſtinctly. | 


XXIV. 1.ABf 
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XXIV. 1. AB, I call the Frame of the Microſcope. It may be about & Mi-r0- 
+ of an Inch in Thickneſs, At A there is a ſmall Hole, near , of an Inch Hofe; by Mr, 


: I | | : Stephen Gray. 
Diameter; this ſerves for the Aperture of the Water, being in the Center of 15 2. 281. 
a larger Spherical Cavity, about 4 of an Inch Diameter, and in Depth ſome- N. 223. 7.353. 


what more than half the Thickneſs of the Braſs. Oppoſite to this, at the 
other ſide, there is another Concave, but half the Breadth of the former; W. 101; 
which is ſo deep, as to reduce the Circumference of the [mall Hole in the 
Center, to almoſt a ſharp Edge. In theſe Cavities the Water is to be placed, 
being taken upon a Pin, or large Needle, and convey'd into them till there 
be formed a double Convex Lens of Water; which, by the Concaves be— 
ing of different Diameters, will be equivalent to a double Convex, of un- 
equal Convexities. By this means, I find the Object is render'd more di- 
ſtinct than by a Plano- convex of Water, or by a double one, formed on the 
plain Surface of the Metal. - 72 8 
OCD E, is the Supporter, whereon to place the Object; if it be Water, 
in the Hole G; if a ſolid Object, on the Point F. This is fix'd to the Frame 
of the Microſcope by the Skrew E, where 'tis bent upwards, that its upper 
part may ſtand at a Diſtance from the Frame: 'tis moveable on the Skrew 
as a Center, to the end that either the Hole C, or the Point F, may be ex- 
poſed before the Microſcope; and that the Object may be brought to, and 
fix'd in its Focus. There is another Skrew, about half an Inch in Length, 
which goes through the round Plate into the Frame of the Microſcope 
AE, the Skrew and Plate taking hold of the Supporter about D, where 
there is a Slit ſomewhat larger than the Diameter of the Skrew, which is 
requiſite for the Admiſſion of the Hole C, or Point F, according to the 
Nature of the Object, into the Focus of the Glaſs; for by turning the Skrew 
G, the Suppoter is carried to or from the ſame; which may be ſooner done, 
if whilſt one turn the Skrew with one Hand, the other hold the Microſcope 
by the End B, and one continue looking through the Water till the Object 
be ſeen moſt diſtinctly. po EO 
The Supporter muſt be made of a thin Piece of Braſs well hammer'd, that 
by its Spring it may the better follow the Motion of the Skrew. I chole 
rather to fix the Supporter by the Skrew E, than by a Rivet; becauſe it 
may now, by help of a Knife, be unskrew'd, and by the other Skrew G, 
be brought clole to the Frame of the Microſcope without weakning its 
Spring, and ſo become more conveniently portable. If the Hole at G be 
fill'd with Water, but not ſo as to be Spherical; all Objects that will bear 
it, are ſeen therein more diſtinctly. _ | os | 
2. Having obſerv'd ſome irregular Particles in Globules of Glaſs, and find- 1 mo 
ing them dittinct, bur prodigiouſly magnified, when held cloſe ro the Eye; 
I concluded that if 1 convey'd a ſmall Globule of Water to my Eye, and 
that there were any opacous or leſs tranſparent Particles than the Water there- 
in, I might ſee them diſtinctly. I therefore took on a Pin a {mall Portion 
of Water, which I knew to have in it ſome minute Animals, and laid it on 


the End of a ſmall Piece of Braſs Wire (there lay then by me) of about * of 
Vo L. I. the Ee n 


* 
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an Inch Diameter, till there was formed ſome what more than an Hemiſphe- 
rule of Water; then keeping the Wire erect, I applied it to my Eye, and z 
ſtanding at a proper Diſtance from the Light, I ſaw them and ſome other 
irregular Particles, as I had predicted, but molt enormouſly magnified; for 5 
whereas they are ſcarce diſcernible by my Glaſs-Microſcopes, or firſt Aque- 
ous one, within the Globule they appeared not much different both in their 1 
Form, nor leſs in Magnitude than ordinary Peaſe. They cannot well be ſeen 1 
by Day-light, except the Room be darkned, after the manner of the famous 
Dioptrical Experiment, but moſt diſtinctly by Candle-light ; they may be LY 
very well ſcen by the full Moon-light. If the Water be conveyed into the 4 
N. 223. p. 355+ Hole B (which may be about ++ of an Inch Diameter) till there remain near ö 
an Hemiſphere of Water on each ſide of the Hole, the Objects are ſeen more 
diſtinctly; and the Spherical Form of the Water is this way better ſecured, 
than on the Point of a Pin- Wire. | OD, | 
N. 221. p. 283. The Reaſon of this Appearance may be thus explained. Let the Circle 
DB BD repreſent a Sphere of Water, A an Object placed in its Focus, 
Fg. 12. ſending forth a Cone of Rays, two of which are AB, AB, which Opticians 
know coming into the Water at B and B, will be retracted from their direct Si 
Courſe, and become BD, BD; at D they will, at their paſling into the FT 
Air, be again refracted into DE, DE, and fo run parallel to one another, 
and to the Axis of the Sphere AF CG. Now 'tis-a known and fundamental |Þ © 
Principle in Opticks, that the Angle of Reflexion is equal to the Angle of ß 
Incidence: wherefore let the Rays BD, BD, be imagined to come from 1 
ſome Point of an Object placed within a Sphere of Water, by being re— 1 
flected from the interior Surface of the Sphere at BB; CBD is the Angle of 
Reflexion; to which making CB F equal, F will be the place where an Ob- 
ject ſending forth a Cone of Rays, two of which are FB, FB, which are 
reflected into the Rays BD, BD, and then coming to the other fide the 4 
Sphere at D and D, they are refracted into DE, DE, as before; and con- 4 
ſequently be as fit for diſtinct Viſion, whether the Object be placed in F 
within, or in A without the Sphere, if its interior Surface be confidered as a 
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Concave Reflecting Speculum. 
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Micoſ-opes in- XXV. From the Diſtinction J have elſewhere given between Compoundel 
prov'd; by Mr. and Uncompounded Colours, I take occaſion to communicate a Way for the | 
Ne 88.7. cogs, Improvement of Microſcopes by Refraction; viz. By illuminating the Ob- 
ject in a darkned Room with Light of any convenient Colour not too much 
Compounded; for by that means the Microſcope will with Diſtinctneſs bear 
a deeper Charge and larger Aperture, eſpecially if its Conſtruction be ſuch 
as I may hereafter deſcribe; for the Advantage in ordinary Microſcopes will 
not be 1 ſenſible. 5 gs 1 5 | | 


A Reflefting XXVI. I. I have ſometimes thought to make a Microſcope, which ſhould 
ny 3 ty have, inſtead of an Object-Glaſs, a reflecting Piece of Metal. For theſe 
= 90. +. 3589. Inſtruments ſeem as capable of Improvement as Teleſcopes, and perhaps 


Die, becauſe but one reflective Piece of Metal is requiſite in them, as you 
1 3 80 . -. may 


5 


may perceive by the Diagram, where AB repreſenteth the Object Metal, 
CD the Eye-Glaſs, F their common Focus, and O the other Focus of the 
Metal, in which the Object is placed. Pn 

2. A repreſents a {mall flat Ring of Braſs, whoſe interior Circle muſt not 27 M. Stephen 
much exceed , of an Inch Diameter, and about ; of an Inch thick: This 2 | 
we may call the Frame or Cell of the Glaſs; it muſt be prepared for Uſe e 
after the following manner. Take a ſmall Globule of Quick-tilver, and diſ- Eg. 104. 
ſolve it in a few Drops of Aqua Fortis, to which you may add 10 Parts of 
common Water; dip the End of a Stick in this Liquor, and rub the inward 
Circle of the Ring with it; ſo as it will have acquired a mercurial Tincture, 
and being wiped dry, be fit for Uſe. Then let it be laid on the Table, and 
pour a Drop of Quick- ſilver within it, which preſs gently with the Ball of 


the Finger, and it willadhere to the Ring; then cleanſe it with a Hare's Foot, 


and you will have a Convex Speculum. Take up the Ring and Speculum 
carrying it Horizontal, and lay it on the Brims of the hollow Cylinder B; 
ſo will the Mercury become a Concave Reflecting Speculum, which from 


the Smallneſs of the Sphere of which it ſeems to be a Section, may be uſed 
as a Microſcope. The Cylindrick Veſſel B has a Skrew-Hole at the Bottom, 


by which it is skrew'd to the Top of the Pedeſtal CD; CEF G is the 
Supporter of the Object Plate, which, as you ſee, may be raiſed higher, or 
let lower, as there is Occaſion, by the Skrew on the Pedeſtal: The Object 
Plate muſt be of Glaſs cemented to the Ring G. | 
This Inſtrument, with a little Variation, may be made a Microſcope of 
Water, if, inſtead of the Ring G, there be only a ſmall Arm with a Hole in 
it to receive a Drop of Water, and the Cylindrick Veſſel B be either taken a- 
way, or skrewed on with its Bottom upwards, fo as to make an Object Plate. 
This will be more convenient for viewing the Textures of opacous Objects, 


than that above deſcribed, which is more fit for fluid and tranſparent ones. 


XXVII. 1. The Figure of it is round, being 30 Inches and ſomewhat - Burning Coma 
better in Diameter. On one ſide it hath a Frame of a Circle of Steel, to the 33 8 
end that it may keep its juſt Meaſure. Tis eaſy to remove it from Place to Vilette. N. 6. 
Place, tho' it be above an Hundred Weight, and 'tis eaſily put in all forts of !?!. 
Poſtures. The Burning Point is diſtant from the Center of the Glaſs about 
3 Foot. The Focus is about half a Louis d' Or large. One may pals one's 
Hand through it, if it be done nimbly ; for if it ſtay there the time of a Se- 
cond of a Minute, there is danger of receiving much hurt. Green Wood takes 
Fire in it in an inſtant, as do alſo many other Bodies. | E 
. | . _ | Seconds. 
A ſmall Piece of Pot-Iron was melted, and ready to drop down, in - 40 
A Silver Piece of Fifteen Pence was pierccd, in - - —— 24 


A Grols Nail (called de Clou de Paiſan) was melred, in = = = - ---- 30 


The End of a Sword-Blade of Olinde was burned, in + - - - - - - 43 


A Braſs Counter was pierced, i- —— = 06 


A Piece of Red Copper was melted ready to drop down, in - - - 42 
E e 2 
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Seconds. 
A Piece of a Chamber Quarry-Stone was vitrified, and put into 
a Glaſs-Drop, i 0 
Steel, whereot Watchmakers make their Springs, was found melt- 8 
ed, in — ——— E233 A or Þ 
A Mineral-Stone, ſuch as is uſed in Harquebuſſes 2 rover, was . 5 
calcin'd and vitrified, in = - - - - - = = - === == 5 
A Piece of Mortar was vitrified, in- = - = = - =» > —— 52 


In ſhort, There is hardly any Body which is not deſtroy'd in this Fire. 
It one would melt by it any great Quantity of Metal; that would require 
much Time, the Action of Burning not being perform'd but within the 
Bigneſs of the Focus, ſo that ordinarily none but {mall Pieces are expos'd to 
it. One M. de Aibert buys it, paying for it 1500 Livres. 
mid. p. 97. You incline to believe, that the Glaſſes of Maginus and Septalius do ap— 
- proach to that of Lyous; bur I can aſſure you they come very far ſhort of it. 
You may conſult Maginus his Book, where he deſcribes his; and there are 
ſome Perlons here who have ſeen one of his beſt, which had but about 20 
Inches Diameter; ſo that this of Lyons muſt perform at leaſt twice as much. 
As to Septalins, we expect the Relation of it from Intelligent and Impartial 
Men. It cannot well be compared with that of Lyons, but in Bigneſs; and 
in this Cafe, if it have five Palms (as you ſay) that would be bur 33 Foot 
French, and ſo it were a Foot bigger, which would make it half as much 
greater in Surface: But as to the Effects, ſeeing it burns ſo far off, they 
cannot be very violent. And I have heard one ſay, that had ſeen it, that it 
did not ſet Wood on Fire bur after the time of ſaying a Miſerere. You may 
judge of the Difference of the Effects, ſince that of Lyons gathers its Beams 


together within the Space of 7or 8 Lines; and that of Sepialius mult ſcatter 
them in the Compaſs of 3 Inches. 


N. 49. p.986, It was diſpoſed of to the King of Denmark. 


he The fame MI. de Yilette of Lyons hath made another Burning Concave. 
Fe It is of 34 Inches Diameter, and melts all ſorts of Metals, and Iron itſelf 
N. 49. p. 986. Of the Thickneſs of a Silver Crown in leſs than a Minute of Time, and 
vitrifies Brick in the ſame time; and as for Wood, whether green or dry, 
it ſets it on Fire in a Moment. The King hath ſeen it, and-the Performan- 
ces of it, with great Satisfaction; and his Majeſty is likely to make it his, 
and then to beſtow it on his Royal Academy of Philoſophers, for making of 

farther Experiments with it. Hay 11255 


by - .. This kind of Concaves burning the moſt forcibly of any Fire we know of, 
Ibjd.. p. 987, 


would be of great Uſe, if they could be fo contrived as to have a Focus of 


any conſiderable Largeneſs, to take in a good Quantity of combuſtible 
Matter at once. | 


py S. Settalla. 3. K. Settalla at Milan cauſeth to be made a Burning-Glaſs of 7 Foot in 


N. 40-2.795 Diameter. He pretends to make it burn at the Diſtance of 50 Palms, which 
is about 33 Foot. — x 88 
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4. The outer Circle of the Concave Burning Speculum, which J lately A bwrning on- 
caus'd to be made in L/ace, is near 3 Leipfick Ells in Diameter, exceeding «7-2 
that great one at Paris by ; of ſuch an Ell. It is made of a Copper Plate ------- -- 
ſcarce twice fo thick as the Back of an ordinary Knife, and may therefore N. 188.7. 252+ 
be eaſily removed from Place to Place, and order'd for Uſe : And the Work- 
manſhip of it may, by the Contrivances I have invented, be caſily, and in 
little time pertorm'd by one Man. The Poliſh thereof is very good, and 
repreſents by diſtinct Reflections all thoſe Appearances which arile from the 
Concave Figure thereof. T3 | 

The Force of this Speculum is incredible. For, 1. A Piece of Wood put 
into the Focus ( which is 2 Ells off) flames in a Moment, fo as a freſh Wind 
can hardly put it out. 2. Water applied in an Earthen Veſſel preſently boils, 


| fo as to boil an Egg; and the Veſſel being held there ſome time, the Water 
| evaporates all away. 3. A Piece of Tin or Lead 3 Inches thick, as ſoon as 


it is put into the Focus, melts away in Drops; and held there a little time, is 
in a perfect Fluor, ſo as in two or three Minutes to be quite pierced through. 
4. A Plate of Iron or Steel placed in the Focus, immediately is ſeen to be 
red-hot on the Back ſide, and ſoon after a Hole is burnt through: I have made 
; three ſuch Holes in a Plate in fix Minutes time. 5. Copper, Silver, and the 
like, applied to the Focus, melt; which I have tried with ſeveral forts of 
I Coin; among the reſt, with a Rix-Dollar; and the ſame happen'd to it as to 
4 the aforeſaid Iron Plate in five or fix Minutes. 6. Things not apt to melt, 
as Stones, Brick, and the like, ſoon become red-hot like Iron. 7. Slate at 
firſt is red-hot, but in a few Minutes turns into a fine ſort of black Glaſs; 
of which, if any part be taken in the Tongs and drawn out, it runs into 
Glaſs Threads. 8. Tiles, which had ſuffer'd the molt intenſe Heat of Fire, 
in a little time melt down in a yellow Glaſs: As do, 9. Pot-Shreads, not 
only well burnt at firſt, but much us'd in the Fire, into a blackiſh: yellow 
Glaſs. 10. Pumice-Stone, ſaid to be that of Burning Mountains, in this 
Solar Fire melts intv a white tranſparent Glaſs. 11. A Piece of a ver 
ſtrong Crucible put into the Focus, in eight Minutes, was melted into a 
_ Glaſs. 12. I have ſeen Bones turned into a kind of opake Glaſs, and a Clod 
of Farth into a yellow or greeniſh Glaſs. 
Theſe Experiments were made in Auguſt and September, when the Sun has 
not the ſame Force as when he is about the Summer Solſtice. The Beams of 
the Full Moon, concentred by this Speculum, did not produce any Degree 
of Heat, tho' the Light was not a little increas'd. LT, 
7. Some Years ago, Dr. Hook made a Propoſal to the Royal Society con- By Dr. Hook, 
cerning the ſame thing. He conceives one may be made of many Foot #4: f. 354 
Diameter, for a {mall Price, being hammer'd out of a Copper Plate, and: 
tinned over with a Mixture of Tin, Lead and Tin-Glaſs, which is found to 
bear a very good Poliſh. Such a Speculum might be of great Ule in per- 
fecting the Art of Paſtes, or fictitious Jewels, which require the molt intenſe 
Degree of Heat, to bring them to an exact Mixture, 
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Concave Seculs XXVIII. A Linnen-Cloth, firſt being wet in fair Water, and then laid 


pncave S erte Lu . 3 
boliel * on a Concave Cylinder, as the Verge of a Sieve, Keeler, or the like, its 


bolick Figure k 0 | = 5 
art:-mpted by central Parts will deſcend fo as to form a very regular Concave Superficies. 


a. Stephen And a Thread, being firſt wet in common Water, and then ſuſpended with 


Gray. . : ' f 
WES p. 542. its two Ends, or any two Points nearer than their utmoſt Extent, fo as it 


N 235. f. 785. might touch the Center of the ſuſpended Cloth, and its two oppoſite Points 
on the Ring, was found to have the ſame Curvature, My Buſineſs was then 
to examine the Figure of the Thread thus ſuſpended ; which I did in manner 
following. On the {ide of a Wall I defcribed Parabola's of ſeveral Species, 
whoſe Axes were perpendicular, and Perimeter horizontal; to which the 
Line being applied, ſo as it might touch the Vertex, paſs'd very nearly 
through all the intermediate Points of the Parabola, much nearer than the 
Portion of a Circle, which paſs'd through the Extremity of the Perimeter, 

and Latus Rectum, would do. | EE 
From hence I conclude, That a ponderous and pliable Subſtance, being 
ſuſpended on a Ring or hollow Cylinder, ſo as that its central Parts may 
deſcend, will form itſelf into a Figure that is more commodious for Burning- 
Glaſſes then the Spherical, of which they are now made, being much nearer 
their molt abſolute Figure, the Parabola. 


Now if there may be a Way found to give to Cloth or Leather a metalline 
Surface, or a Varniſh that may bear a good Poliſh; or if this be found im- 
practicable, perhaps Plates of Metal may be beat out ſo thin, as being ſuſ- 
pended on a large Ring, will by their own Gravity receive their tiue Fi- 
gure; one may make Speculums of what Largeneſs he pleaſeth. 

Upon this Conſideration, I deviſed the following Experiment. There 
was taken a ſufficient Quantity of Potter's Clay, of which there was formed 
a plain circular Plate, by help of an Iron Ring about 13 Inches Diamerer. 
This was laid on a leſſer Ring, which was ſupported by four Feet, and it 
immediately became a very regular Concave on 1ts upper, and Convex on its 
under Superficies ; but notwithſtanding *twas ſet to dry in the Shade, yet 
before it was dry enough, its central Parts extended ſo as to become almoſt 
plain, not without ſome Defects; if it had continued in its Regularity, I 
deſigned to have burned and glazed it in a Potter's Furnace. | 


To make the XXIX. Take Quick-ſilver, Marchaſite of Silver, each three Ounces; 


3 Tin and Lead, each half an Ounce; theſe two firſt throw on the Mar- 
aſs 3 Sir 


R. Southwell. Chaſite, and laſt of all the Quick-ſilver; ſtir them well together; but they 
N. 245. P. 363. muſt be taken from the Fire, and be towards Cooling before the Quick- 
ſilver be added; lot your Glaſs be well warmed, and pour in the Mixture, 
and roll it from ſide to ſide. | | 
Note, This will do alſo when cold, but 'tis beſt when the Glaſs is heated 
and very drr. „ 
Note alſo, That if at the Glaſs-Houſe your Ball be of yellow Glaſs, then 
all will ſhine like Gold. . | 7 
XXX. Papers 


6215 
XXX. Papers ( of leſs Gmeral Uſs) omitted. 


1 R. {ook having (in his Micrographia) deſcribed a new Engine for Optick Glas 
Grinding Optick-Glaſjes of very great Lengths, M. Auzort (in a drs Led 5 
ſmall French Tract) objects ſeveral Difficulties to this Engine itſelf: But ET 7 
however he thinks it impracticable to make any Glaſſes of above 300 or e 
400 Foot at molt (and fears that neither Matter nor Art will go even ſo far) 

which will be very far from ſhowing us Plants or Animals in the Moon; and 
then propoles Remedies to ſome of the Inconveniences of the Turn. To 
all this, Dr. Hook here replies; He anſwers the Objections, and rejects the ni p. 63; 
propoſed Expedients. Ps 5 | 

2. Carlo Ant. Mancini having, in his Occhiale all! Occhio, deſcribed a par- wpon Plane. 
ticular Way for making Convex-Glaſſes upon a Plane, his Method is here N. 42. f. 839, 
tranſlated from the Italian into Engliſß. But 'tis added, That though the 
Contrivance be ingenious, yet it is conceiv'd by skilful Artiſts, that it will 
be very difficult to put it into Practice. | 


XXXI. Accounts of Books amilted. 


4. Hyſico-Matheſis de Lumine, Coloribus, & Hide, &c. Auth. Franc. N. 79, f. $068. 
Maria Grimaldo, S. J. Bononiæ 1665. in 40. 

2. Cogitationes Phyſico-Mechanicæ de Natura Viſionis. Auth. Jo. Ott. Scha- N 
phuſa Helvetio. Heidelbergæ 1670. in 4to. A 

3. Synopſis Optica. Auth. Honorato Fabri. Soc. Feſu. Lugduni 1667. N. zu. 
in 400 VVT 

4. L' Occhiale all' Occhio, overo Dioptrica Prattica del Carlo Ant. Mancini, N. 42. 5. 847, 
in Bologna 1660. in 4to. | „ | 

7. Lectiones 18 Cantabrigie in Scholis publicis habite, in quibus Opticorum N. 15-9. 9259, 
Phenomenon Genuine Rationes inveſtigantur, & exponuntur, ab Iſaaco Barrow. 6D 
Lond. 1669. in 40. 1 

6. La Dioptrique Occulaire, par le Pere Cherubin d' Orleans, Capucin. A N. 78. p. 3045 
Paris, 1671. 1 Folio. „„ | | 

7. Chriſtiani Hugenij Aſiro/copia Compendiaria, Tubi Optici molimine Libe- N. 161. g. 668. 
rata: or, The Deſcription of an Aerial Teleſcope. Hague, 1684. in 470. . 
8. A Treatiſe of Dioptricks. By Mill. Molineux, Eſq; F. R. S. 7% N. 20;. f. 967, 
0. | | | | 
: 9. Catoptrice & Dioptrice Elementa. Auftore Davide Gregorio, D. M. N. 219. f. 214. 
Oxon, 1695. in 8. e 
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GHAF. Iv. 
ASTRONOMY. 


The 8 | HE Ifland Yen, ( vulgarly term'd the Scarlet-Iſland) famous for 

N by 1 the Obſervations of Tycho Brahe, that renowned Daniſh Aſtrono— 

8 mer, (with all Submiſſion to better Judgments) was none of the 

N. 266. p. 692. fitteſt for Aſtronomical Obſervations of all ſorts, ſuch as the taking the exact 
Time of the true Riſing and Setting of Celeſtial Bodies, together with their 
reſpective Amplitudes; becauſe the Iſland lies low, and is Land- lock'd on all 
the Points of the Compaſs, fave three. Beſides, the ſenſible Land-Horizon 
of the Ween is extremely uneven and rugged, the North and Eaſtern Parts 
thereof being ſome riſing Hills in the Province of Schonen; and the Weſtern 
Part is moſtly overſpread with Trees on the Ifland Zealand; from the remo- 

_ teſt of which Coaſts the Meen is not diſtant above three Leagues. 


Amer Abrow- II. M. Weighelius hath invented an Inſtrument, which he calls Afrodifticum, 
by M. Weighe⸗ by the means whereof very many Perſons ſhall be able at one and the ſame 
Ius. time to behold one and the ſame Star. He hath alſo invented an exceeding 
N. 74. P. 2219. great Globe of the World, capable of 10 Perſons to ſit in it all at once, and 


do behold the Motions of the celeſtial Bodies, &c. | 
A CeleſtialGlobe; III. The Bigneſs of this Globe is only of four Inches Diameter. The 


buy M. Didier 


P. Aileman. Body of the Globe of burniſh'd Steel, where all the Figures of the Con- 
N. 136. p. 905. ſtellations are deſigned in Silver- colour, but the Stars themſelves of all Magni- 


tudes are put on in emboſs'd Gold. OT 

This Globe moves from Eaſt to Welt in 24 Hours; and you may there 
ſee the Sun exactly riſe and et as in the great World, together with the Moon, 
as alſo the Stars of the Conſtellations ; likewiſe, how the Sun of this Globe 
comes to his Meridian, with an admirable Regularity, conform to the Primum 
Mobile. And you may alſo there perceive the mean Motions of the Sun and 
Moon from Weſt to Eaſt, and all the Lunations; and by the Diurnal Mo- 
tion of the Moon, it ſhews the Flux and Reflux of the Sea. 

The Meridian ſerveth for a Needle to ſhew the Hours, which hath two main 
Rays, one whereof goeth directly Northward, the other Southward. That 
of the North marks the Way or Degree, which the Sun maketh from Welt to 

Eaſt upon the Signs of the Zodiack, and upon a Circle of Silver, where the 
360 Degrees of the Circle are mark'd. The other Ray of the Sourh, marks 
upon another Circle of Silver the Days of the Month, where the 365 Days 
are noted, The Circles of the Longitude of the Stars, which ſeparate the 


f Signs, 


( 217 ) 

Signs, and which come from the Poles of the Zodiack, are marked by Gold- 

Wires; as alſo the Equator, the Tropicks, and the Polar Circles. 

4 There is but one great Spring, the Primum Mobile, which puts all the reſt 

FP in Motion: It is wound up by the Antarttcik Pole, and you may wind it up 

3 to the Right or Left Hand, without wronging any contrary Motion: And 
by {the Arfick. Pole, you may advance and retard this Movement, if you 
ſhould find any Inequality, without altering art all the great Spring. 


IV. I applied my ſelf the laſt Summer to the taking of the Diameters of the A Way ro me 
Sun, Moon, and the other Planets, by a Method which M. Picard and /* 8 
my ſelf have, eſteemed by us the beſt of all thoſe that have been practis'd e 
hitherto; ſince we can take the Diameters to Second Minutes, being able to 2 be 
divide one Foot into 24000 or 30000 Parts, ſcarce failing ſo much as in one . 00 
only part ſo as we can in a manner be aſſured; not to deceive our ſelves in 3 N. 27, f. 353. 
or 4 Seconds. I ſhall not now tell you my Obſervations; but I may very 0 Au. 1655: 
well aſſure you, that the Diameter of the Sun has not been much lels in his 

Apogee, than 31 min. 37 or 40 ſec. and certainly not leſs than 31 min. 3 ſec. 

and that at preſent in his Perzgee it paſſes not 32 min. 45 ſec. and may be leſs 

by a Second or two: That which is at the preſent troubleſome, is, that the 

vertical Diameter, which is the molt eaſy to take, is diminiſh'd, even at 

Noon, by 8 or 9 ſec. becauſe of the Refractions, which are much greater 

in Winter than Summer at the ſame Height; and that the horizontal Dia- 

meter is difficult, becauſe of the ſwift Motion of the Heavens. It 

As for the Moon, I never yet found her Diameter leſs than 29 min. 44 or 

47 ſec. and I have not ſeen it paſs 33 min. or if it hath, it was only by a few 

Seconds. Bur I have not yet taken her in all the Kinds of Situations of the 

Apogees and Perigees which happen, with the Conjunctions and Quadratures. 

I do not mention all that can be deduced from thence; I ſhall only tell you, 
that I have found a Way to know the Parallax of the Moon, by the means 
of her Diameter: viz. If on a Day, when ſhe is to be in her Apogee or Peri- 

gee, and. in the molt boreal Signs, you take her Diameter towards the Hort- 

zon, and then towards the South, with her Altitudes above the Horizon. 

For if the Obſervation of the Diameters be exact, as in theſe Situations the 
Moon changes not conſiderably her Diſtance trom the Earth in 6 or 7 Hours, 

the Difference of the Diameters will ſhew the Proportion there is of her Di- 
{tance with the Semidiameter of the Earth. 1 do nor enlarge, becauſe that 

as ſoon as one hath this Idea, the reſt is ealy. The ſame would yet be practi- 

fed better in the Places where the Moon paſles through the Zenith, than 

here; for the greater the Difference is of the Heights, the greater is that of 
the Diameters. I do not note (for it eaſily appears) that if one were under 

the ſame Meridian or the ſame Azimuth, in two very diſtant Places, and took 

at the ſame time the Diameter of the Moon, one would do the fame thing; 
tho' this Method goes not to Preciſeneſs. 

From what has been ſaid may be collected the Reaſon of the Obſervation, 
which M. Hevelius made in the laſt Eclipſe of the Sun (Ju 2. St. N. 1666. ) 
touching the Increaſe of the Moon's Diameter about the End. I am excecd- 

Vor. I. | Fi ing 


5 


ing glad, that a Perſon, who probably knew not the Cauſe of ir, has made 


the Experiment; but it is ſtrange, that until now no Aſtronomer has fore- 


ſeen that that ſhould happen, nor given any Precepts for the Change of the 


Moon's Diameter in the Eclipſes ot the Sun, according to the Places where 


they ſhould happen, and according to the Hour and Height the Moon ſhould 
have: For what happen'd in that Eclipſe, of Augmentation, would have 


fallen out contrarily, if it had been in the Evening; for the Moon, which 


in that Eclipſe that began in the Morning. was higher about the End than at 
the Beginning, was nearer us, and conſequently was to appear bigger: But it 
the Eclipſe ſhould happen in the Evening, ſhe would be lower at the End, 
and therefore more diſtant from us, and conſequently appear leſſer. So allo 
in two different Places, whereof one ſhould have the Eclipſe in the Morning, 


and the other at Noon, the Moon ſhould appear bigger to him that hath it 


at Noon: And ſhe muſt likewiſe appear bigger to thoſe who ſhail have a leſſer 


Elevation of the Pole under the ſame Meridian, becauſe the Moon will 
be nearer them. 95 


An dee of V. 1. I ſhould be look'd upon as a great Wronger of our Nation, ſhould 
M. Gaſcoign | 


— 55 I not let the World know, that I have, out of ſome ſcatter'd Papers and Let- 
M,. Richard ters that formerly came to my Hands, of one Mr. Gaſcoigne's, found out, that 
Nee, before our late Civil Mars he had not only deviſed an Inſtrument of as great a 
My, An. ls. Power as M. Auzout's, but had alſo for ſome Years made uſe of it; not only 


£ 
for taking the Diameters of the Planets, and Diſtances upon Land; but had 


farther endeavoured, our of its Preciſeneſs, to gather many Certainties in the 
Heavens; amongſt which J ſhall only mention one, viz. The finding the 
Moon's Diſtance, from two Obſervations of her Horizontal and Meridional 
Diameters; which I the rather mention, becauſe the French Aſtronomer eſteems 


himſelf the firſt that took any ſuch Notice, as thereby to ſettle the Moon's | 


Parallax : For our Country-man fully conſider'd it before, and imparted it 
to an Acquaintance of his, who thereupon propoſed to him the Difficulties 


that would ariſe in the Calculation; with Conſiderations upon the ſtrange 


Niceties, neceſſary to give him a Certainty of what he deſired. The ver 

Inſtrument he firſt made, I have now by me, and two others more perfected 
by him; which doubtleſs he would have infinitely mended, had he not been 
ſlain unfortunately in his late Majeſty's Service. He had aTreati/e of Opticks 
ready for the Preſs; but though I have uſed my utmoſt Endeavour to 
tetrieve it, yet I have in that Point been totally unſucceſsful: But ſome looſe 


Papers and Letters I have, particularly about this Inſtrument for taking of 


Angles, which was far from perfect. Nevertheleſs, I find it ſo much to ex- 
ceed all others, that I have uſed my Endeavours to make it exact, and ea- 
fily tractable ; which above a Year ſince J effected to my own Deſire, by 
the Help of an ingenious and exact Watchmaker: Since which time, I have 
not altogether neglected it, but employ'd it particularly in taking the D- 


ſauces (us Occaſion ſerved) of the Circum-jouialifts, towards a perfect ſettling 


their Motion. I ſhall only ſay of ir, That it is ſmall, not excecding in 


Weight, nor much in Bigneſs, an ordinary Pocket- Watch, exactly m- 
3 6 | 


above 
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ii 
above 40000 Divifions ina Foot, by the help of two Indexes; the one ſhewing 
Hundreds of Diviſions, the other Diviſions of the Hundred; every laſt Di- 
viſion in my ſmall one containing s of an Inch, and that fo preciſely, that, 
as I uſe it, there goes about 2 3 Diviſions to a Second. Vet I have taken 
Land-Angles ſeveral times to one Divition, tho' (for the Reaſon mention'd 
by M. Augout) it be very hard to come to that Exactneſs in the Heavens, 

(diz. the ſwift Motion of the Planets.) Yet, to remedy that Fault, I have 
deviſed a Reſt, in which I find no {mall Advantage, and not a little pleaſit 
thoſe Perſons who have ſeen it, being ſo eaſy to be made, and by the Ob- 
ſerver managed without the help of another; which ſecond Convenience 

my yet nameleſs Inſtrument hath in great Perfection, and is by reaſon of its 
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Smallneſs and Shape, eaſily applicable to any Teleſcope. | 
2. 4444, is a {mall oblong Braſs Box, ſerving both to contain the Skrews A Deſcription 
and their Sockets, or Female Skrews, and alſo to make all the ſeveral moveable , f 
Parts of the Inſtrument to move very true, ſmooth, and in a ſimple direct N. 29. p. 542. 
Motion. To one End hereof is skrewed on a round Plate of Braſs 25, Nov.An.1667. 
about 3 Inches over; the extream Limb of whole Outſide is divided into 100 = | 
equal Parts, and numbred by 10, 20, and 3o, Cc. Through the Middle of . 
this Plate, and the Middle of the Box a aaa, is placed a very curiouſly wrought _ 
Skrew, of about the Bigneſs of a Gooſe-Quill, and of the Length of the Box; 
the Head of which is, by a fixed Ring or Shoulder on the Inſide, and a ſmall 
ſpringing Plate 4d on the Outſide, ſo adapted to the Plate, that it is not in the 
Jeaſt ſubject to ſhake. The other End of this Skrew is by another little Skrew 
(whoſe {mall Points fill the Center or Hole made in the End of the longer 
| Skrew for this purpoſe) rendred ſo fix'd and ſteady in the Box, that there 
appears not the leait Danger of ſhaking. Upon the Head of this Skrew, 
without the fpringing Plate, is put on a ſmall Index ee, and above that a 
Handle nm, to turn the Skrew round as often as there ſhall be Occaſion, 
7 without at all endangering the diſplacing of the Index, it being put on very 
3 ſtiff upon a cylindrical Part of the Head, and the Handle upon a Square. 
The Skrew hath that Third of it, which is next the Plate, bigger than the 
other two Thirds of it, by at leaſt as much as the Depth of the ſmall Skrew 
made on it: The Thread of the Skrew of the bigger Third is as {mall again, 


1 
E 
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2 as that of the Skrew of the other two Thirds. To the groſſer Skrew is 
a adapted a Socket f, faſtned to a long Bar or Bolt gg, upon which is faſt- 
f ned the moveable Sight Y, ſo that every Turn of the Skrew promotes the 


3 Sight h, either a Thread nearer, or a Thread farther off from the fix'd Sight 7. 
; The Bar gg; is made exactly equal, and fitted into two ſmall Staples &, 
; which will not admit of any ſhaking. There are 6o of theſe Threads, and 
4 anſwerable thereto are made 60 Diviſions on the Edge of the Bolt or Ru- 

ler g g, and a ſmall Index } fix'd to the Box a 4 2 a, denotes how many 
Threads the Edges of the two Sights + and 7 are diſtant; and the Index ec, 

ſhews on the circular Plate what part of a Revolution there is more; every 
| Revolution, as was ſaid before, being diviied into 100 Parts. At the fame _ 
time that the moveable Sight h is moved forwards or backwards, one or more e 
, 'Threads of the coarſer Skrew, 1s the Plate 1 „ by the means of the Socket , 

== | 5 55 to 


| ( 220 
to which it is skrewed, moved forward or backward, one or more T hreads 
of the finer Skrew: So that this Plate being fix d to the Teleſcope by the 
Skrews vr, ſo as the middle betwixt the Sights may lie in the Axis of the 
Glaſs, however the Skrew be turned, the midſt betwixt the Sights will al- 
ways be in the Axis, and the Sights will equally either open from it, or ſhut 
towards It. ! 
1g. 17. It is conceived by ſome ingenious Men, that it will be more convenient, 


inſtead of the Edges of the two Sights þ and i, to employ two Sights r and 
5, fitted with the Hairs 7 and v, ſo that they may be conveniently uſed in 


the place of the ſolid Edges of the Sights Y and i. 

Fig. 108. The Inſtrument is thus applied to the Teleſcope. The Tube AD is di- 
vided into three Lengths, of which (as in ordinary ones) BC is to lengthen 
or contract, as the Object requires: But AB is here added, that at A you 
may put ſuch Eye-Glaſles as ſhall be thought moſt convenient, and to fer 
them {till at the Diſtance moſt proper from the Indexes or Pointers, which 
here are ſuppoſed to be at B, which Length alters alſo in reſpect of divers 
Perſons Eyes. E is a Skrew, by which the great Tube can be fix'd ſo, as 

by the help of the Figures any ſmaller part of it can immediately be found, 
meaſuring only, or knowing the Diviſions on BC, the Diſtance of the Ob- 
ject-Glaſs from the Pointers. F is the angular Piece of Wood, that lies on 

the upper Skrew of the Reſt. 1 

Ibid. p. 556. This Reſt (by Dr. Zook's Suggeſtion) may be rendred more convenient, 

if, inſtead of placing the Skrew Horizontal, it be ſo contrived, that it ma 

be laid parallel to the Equinoctial, or to the Diurnal Motion of the Earth; 


Fig, 109. 


for, by that Means, the ſame Thing may be performed by the ſingle Motion 


of one Skrew, which in the other Way cannot be done but by the turning 
of both Skrews; as will eaſily appear to thoſe that ſhall conſider it. 


More ways to | 3. I have by me two or three ſeveral Ways of Meaſuring the Diameters 
28 fiat. of the Planets, whether Horizontal, Perpendicular, or Inclined, to the Ex- 
mated; b actneſs of a Second, by the help of a Teleſcope; as alſo of taking the Po- 
e > ſition and Diſtance of the ſmall fix'd Stars one from another, or from any 
re of the leſs bright Planets, if the Diſtance be not above two or three De- 


grees. 


abe the 4 Micrometro & Tubo Pedum 14, Planetarum frequenter Diametros & 


 Micromerer; by a Fixis Diſtantias, ad ſecundos fere Scrupulos, quod vix inexpertus credes, 


Mr.Flamſteed. g; 
N. 96. p. 6099. dimenſus ſum. 


1 I. Pluribus Argumentis evinci poteſt, Tychonem ſæpe cum in Locis, 

rite . z. tum Latitudinibus, Fixis quibuſdam aſſignatis, duos treſve & interdum 

N. 89. 5. 3119. quatuor aut quinque totos Scrupulos a vero aberraſſe. Fixarum quidem Reſti- 

N. 95. p. 6100. tutionem ſuſcepiſſe Celeberrimum Foannem Hevelium audi vimus; attamen quan- 

doquidem Pinacidiis Vitrorum Caſſis fertur ipſum uti, dubium an multum ab 

ipſo Emendatiores Locos habituri ſimus quam reliquit Tycho, niſi ubi valde 
hallucinatus eſt. | 
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2. gr wa Veſtrates non omnes mihi adſtipulari in iſto Dioptrarum Nego- Plain Sire. 


. : . . 7 1. : . 3 5 ferred to Tele- 
tio, de quibus in Machinæ meæ Cœleſtis Organographia tractavi. Verum 5 6, 


etiamſi Cl. Hookins & Cl. Flamſteedius, aluque plane aliter ſentiant, expetientia A. He veluus. 
tamen quotidiana me edocuit, atque etiamnum docet, rem longe aliter ſe ha- e 
bere in Magnis illis Organis, Quadrantibus ſcil. Sextantibus & Octantibus, | 
imprimis Quadrantibus Azimuthalibus, aliiſque Quadrantibus Regulis conſtru— 

ctis, quæ nempe adeo procliviter commoveri & inverti (dum examinantur 


Dioptræ Teleſcopicæ) imo nullo modo poſſunt, ut quidem Inſtrumenta illa 
trium quatuorve Pedum Perpendiculo conſtructa. Res cumprimis in eo con- 


ſiſtit, quod nullam plane Obſervationem ſuſcipere poſſint ſuis Dioptris Tele- 
ſcopicis, niſi prius denuo eas Examinent, & Rectificent; in quo tamen Ex- 


amine varia via idque jugiter, utut ſtudioſiſſime illud ſuſcipias, hallucinari 


datur. Ad hæc, in Quadrant ibus Azimuthalibus, Octantibus & Sextantibus, 
qua ratione Examen illud omni tempore, commode, & ſine magno Temporis 


Diſpendio inſtituti poſſit, profecto nondum capio. 


Video etiam aliquos (inter quos Cl. Flamſteedius invenitur) tuliſſe jam de 
noſtris Obſervationibus, qualibus qualibus, judicium, priuſquam alias viderunt, 
examinarunt, vel quicquam de 11s cognoverunt. Nolo quidem vanus eſſe 
rerum mearum Jactator, nec unquam imaginatus mihi fui, me in omni iſto 
Negotio, Reſtitutionis ſcil. Fixarum, rem acu omnino tetigiſſe, aut tangere 
pro mea tenuitate poſſe: Sed hoc mihi penitus imaginor, ſi quidem totum il- 
lud Negotium ſuſcepiſſem Dioptris Teleſcopicis, mihi non ſolum plurimos 
Annos Examinibus terendos, ſed & ſpe, ſine dubio, varia via (qua de re hic 


non eſt diſſerendi locus) cadendum fuiſſe. Exinde gratulor mihi, me ad 


ſententiam illam necdum tranſiiſſe, meaque me Methodo omnia perfeciſſe 
quicquid præſtitum Dei Beneficio fuerit. Quando vero Obſervationes ha- 
bebimus 20 & 30 Annorum ſpatio continuatas utrinque, nimirum tum 
quæ Dioptris Teleſcopicis, tum quæ ſolummodo noſtris de Cœlo depromptæ 
fuerint, res omnino clarior futura eſt. Interea ſuo quilibet Ingenio frua- 
tur, remque ſua ratione pro Libitu, renter. SID | 


VII. x. It is well known that the mean apparent Magnitude of the Moon why cli 


is 30 min. 30 ſec. we. will take it Numero Rotundo to be zo min. at a Full „% e 


greater when 


Moon in the midſt of Winter, and when ſhe's in the Meridian, and at her 0 tb Horizon 
greateſt Northern Latitude, and conſequently the utmoſt that ſhe can be ele- h when higher 


elevated ; 


vated in our Horizon: Tis as well known alſo, that when ſhe is in this Po- x..,,;.:4 


{ture, being looked upon by the naked Eye, ſhe appears (that we may ac- po. Will: Mo 


commodare all to ſenſible Meaſures) to be Magnitudinis Pedalis, about a Foot N. 185, 314. 


broad. But the fame Moon being looked upon juſt as ſhe riſes, ſhe appears Apr. An, 1687. 
to be three or four Foot broad, and yet if with an Inſtrument we take her 
Diameter, both in one Poſture and the other, we ſhall find that {till ſhe ſhall 
be but 3o min. That this Matter of Fact is true, beſides the Authority of 
many Authors, I can aſſert that I have accurately tried it my ſelf, and I have 
ſo found ir. One of the ways I proceeded was thus: I took a very good 
Teleſcope of about 6 Foot long, in the inward Focus of whoſe Eye-Glaſs I 
apply'd a very fine Lattice made of the ſingle Hairs of a Man's — on 
ooking 
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looking with this at the Moon, when ſhe was juſt riſen, and looked ed. 


dinary big, I obſerved what Number of the Squares of the Lattice were oc- 
cupied by her Body; and then obſerving her again, when more elevated and 
free from all extravagant Greatneſs, I {till found the ſame Squares of the 
Latrice poſſeſſed by her. This Way is equivalent to that now more uſed, 
of taking her Diameter by Mr. > Shag Micrometers ; but I have alſo 


tried and found the fame thing by an accurate Sextant, taking the Diſtance 
of the Moon's oppoſite Limbs. 


The celebrated Des Cartes attributes this Appearance rather to a deceived 


Judgment, than to any natural Affection of the Organ or Medium of Senſe ; 


For the Moon (ſays he) being nigh the Horizon, we have a better Oppor- 
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tunity and Advantage of making an Eſtimate of her, by comparing her with | i 


the various Objects that incur the Sight, in its Way towards her; fo that 
tho' we imagine ſhe looks bigger, yer 'tis a meer Deceit; for we only think 


fo, becaule the ſeems nigher the Tops of Trees, or Chimneys, or Houſes, or 
a Space of Ground, to which we can compare her, and eſtimate her there- 


by; but when we bring her to the Teſt of an Inſtrument, that cannot be 
deluded or impoſed upon by theſe Appearances, then we find our Eſtimate 
wrong, and our Senſes deceived. Theſe Thoughts, methinks, are much be- 
low the accuſtomed Accuracy of the noble Des Cartes; for certainly if it be 


ſo, I may at any time increaſe the apparent Bigneſs of the Moon, tho' in the 
Meridian; for it would be only by getting behind a Cluſter of Chimneys, 
. a Ridge of a Hill, or the Tops of Houfes, and comparing her to them in 


that Poſture, as well as in the Horizon; beſides, if the Moon be looked at 


juſt as ſhe is riſing from an Horizon determined by a ſmooth Sea, and which 


has no more Variety of Objects to compare her to, than the pure Air, yet ſhe 
will ſeem big, as if look'd at over the rugged Top of an uneven Town, or 
rocky Country. Moreover, all Variety of adjoining Objects may be ta- 
ken off, by looking through an empty Tube, and yet the deluded Imagi- 
nation is not at all helped thereby. _ Ho 

The famous Thomas Hobbes gives this Solution, Let the Point G be the 
Center of the Earth, and F the Eye on the Surface of the Farth; on the 


ſame Center G let there be ſtruck the two Arches EH, determining the At- 


moſphere, and AD to repreſent that blue Surface in which we imagine the 
Fixed Stars, and let FD be the Horizon: Divide the Arch AD into three 


equal Parts by the Lines BF, CF; it is manifeſt that the Angle AFB is 


greater than the Angle BF C, and this again is greater than the Angle CFD. 
W herefore (ſays he) to make the Angle CFD equal to the Angle CFB, 
the Arch CD muſt be greater than the Arch CB; and conſequently, that the 


Moon may in the Horizon appear under the ſame Angle, as when elevated, 


ſhe muſt cover a greater Arch, and therefore ſeem greater z that is, the 


Moon in the Meridian appearing under the Angle BFC, that ſhe may ap- 
_ pear under an equal Angle in the Horizon, as ſuppoſe CFD, tis neceſſary 
that the Arch CD ſhould be greater than CB; and conſequently, tho' ſhe 
appear to ſubtend a greater Arch when in the Horizon than when elevated, 
yet ſhe appears under the fame Avgle z and all this without Refraction. 
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1 
The Geometry of this Figure is moſt certainly true and demonſtrable. At 
this J quarrel not; but it makes no more in our preſent Difficulty than if 
nothing had been ſaid: For he has made the Circle GF, repreſenting the 
Earth, very large in Proportion to the Circle AD; and then indeed takin 

the Point F in the Earth's Suaface, and by Lines from thence dividing the 
Angle AF D into whatever equal Parts, the intercepted Arches AB, BC, 
CD, ſhall be unequal. But if he had conſidered, that the Earth is, as it 
were, a Point in reſpect of the Sphere of the Fixed Stars, nay the very annual 
Orbit of the Earth is almoſt imperceptible, he would have found that the 


Lines FB, FC, FD, muſt be all conceived as drawn from the Point G, and. 


then equal Angles will intercept equal Arches, and equal Arches equal An- 


gles: And ſo it happens (at leaſt beyond the Poſſibility of the Diſcovery of 
Senſe) to the Eye on the Surface of the Earth; fo that his drawing his Lines 
fo far from G as F is, and to another concentrick Circle ſo nigh as AD, de- 


ceived him in this Point. | 
The famous Gaſſendus has written four large Epiſtles on this Subject, the 


_ Subſtance of all which is, That the Moon being nigh the Horizon, and look- 


ed at through a more foggy Air, caſts a weaker Light, and conſequently forces 
not the Eye ſo much as when brighter; and therefore the Pupil does more 


enlarge itſelf, thereby tranſmitting a larger Projection on the Retina. In 
this Opinion I find he is not alone; for this Diſquiſition being lately revived by 


a French Abbe, he therein follows the Sentiment of Ga/endus, with this Ad- 
dition, That this contracting and enlarging of the Pupil cauſeth a different 
Shape in the Eye; an open Pupil making the Cryſtalline flatter, and the Eye 
longer, and the narrower Pupil ſhortening the Eye, and making the Cryſtal- 
line more convex : The firſt attends our looking at Objects which are remote, 
or which we think fo; the latter accompanies the viewing Objects nigh at 
hand. Likewiſe an open Pupil and flat Cryſtalline attends Objects of a more 
ſedate Light, whilſt Objects of more forcible Rays require a greater Convexity 
and narrower Pupil. From theſe Poſitions the Abbe endeavoured to give an 
Account of our Phenomenon, as follows: When the Moon is nigh the Ho- 
rizon, by Compariſon with interpoſed Objects, we are apt to imagine her 
much farther from us than when more elevated; and therefore (ſays he) we 
order our Eyes as for viewing an Object farther from us; that is, we ſome- 
thing enlarge the Pupil, and thereby make the Cryſtalline more flat : more- 
over, the Duskineſs of the Moon in that Poſture does not ſo much {train 


the Sight; and conſequently the Pupil will be more large, and the Cryſtal- 


line more flat. Hence a larger Image ſhall be projected on the Fund of the 
Eye, and therefore the Moon ſhall appear larger. And this Diſpoſition of the 


Eye that magnifies her, magnifies alſo the Diviſions of our foremention'd Lat- 


tice, and conſequently ſhe by her Body thall poſſeſs no more of the Diviſions 


than when ſhe ſcems leſs. Theſe two foremention'd Accidents, viz. The Moon's 
imaginary Diſtance and Duskiſhneſs, gradually vaniſhing as ſhe riſes, a diffe- 


rent Species is hereby introduced in the Eye, and conſequently ſhe ſeems gra- 
dually leſs and leſs, till again ſhe approaches nigh the Horizon. Theſe two 


Opinions of Caſſendus ynd the Abbe being fo near a-kin, I ſhall conſider them 
| 5 5 | | h h : both | 
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him take Stars of the leſſer Magnitudes, nay even thoſe that can but juſt 


„ 2 
both together: And firſt I aſſert, That a wider or narrower Aperture of the 
Pupil increaſes not, neither diminiſhes the Projection on the Retina. I know, 


Honoratus Faber, in his Synopſis Optica, endeavours to prove the clear contrary to 


this my Aſſertion, and that after this manner. AB is an Object, EF the greater 
Aperture of the Pupil, admitting the Projection KI vn the Retina, whereas 


the leſſer Aperture CD, admits only the Projection GH; but GH is leſs 


than KI, wherefore a leſſer Aperture diminiſhes the Projection. I admire 
that any Man that undertook (as Honoratus Faber) to write of Opticks more 
accurately than all that went before him, ſhould be guilty of ſo very groſs an 
Error; and I do more admire, that the celebrated Gaſſendus, and with him 
the noble Hevelius, ſhould be of the ſame Opinion: For tho' the aforeſaid 
Demonſtration hold moſt certainly true in direct Projections, as in a dark 
Room with a plain Hole; yet it will not hold in Projections made by Re- 
fraction, as it is in thoſe on the Retina in the Eye, by means of the Cryſtal- 
line, and other Coats and Humours of the Eye. For let AB be a remote 
Object, and EF the Cryſtalline at its large Aperture, projecting the Image 
] M on the Retina. Let then CD be the leſſer Aperture of the Pupil before 
the Cryſtalline: I ſay, the Image I M ſhall be projected as large as before; 
for the Cone of Rays E A F conſiſts partly of the Cone of Rays C A D; 


therefore where the former EAF is projected, the latter CAD, as being a 


part of the former, ſhall be projected allo. So that no more is effected by 
this narrow Aperture, but that the Sides of the radiating Cones are inter- 
cepted, and conſequently the Point I ſhall be affected with leſs Light, but it 


ſhall ſtill be in the ſame Place: What is ſaid of that Cone and that Point, 


may be ſaid of all other Cones and other Points of the Object. From hence 
appears, Firſt, The Invalidity of the Account given of the Moon's Appear- 
ance by Gafſendus from this Reaſon. Secondly, The Reaſon appears why a 
Teleſcope's leſſer or greater Aperture, makes no Difference in the Angle it 
receives: For imagine E F to be an Object-Glaſs of a Teleſcope, and 'tis 


plain. Thirdly, *Tis evident why a greater or leſs Aperture on a Teleſcope 


ſhould make the Objects appear lighter, or darker; for thereby more or lets 
Rays are admitted to determine on the Projection of each Point. But all this 


by the by: And this is ſufficient for a Confutation of Gaſſendus and Faber. 


But our forementioned Abbe ſuperadds to a greater or leſſer Aperture of the 
Pupil, as a neceſſary Conſequent, a greater and leſſer Conyexity of the Cry- 


ſtalline, as alſo a Lengthening and Shortening the Tube of the Eye. And this 


I muſt confeſs would do ſomething, if we find it true in our Caſe; and this 
let us try. Firſt, (ſays he) The Duskiſhneſs of the Moon nigh the Horizon 
admits the Pupil to enlarge itſelf, the Cryſtalline ro flatten, and the Eye to 


lengthen: But what if we change our Object, and inſtead of the Moon take 


the Diſtance between ſome of the Fix'd Stars (as ſuppoſe thoſe of Orion's 
Cirdle) we ſhall find the fame Phenomenon in them, and yer I hope neither 
he nor Gaſſendus will aſſert, that they at one time ſtrain the Eye more than at 
another, or that at any time their Fulgur ſtrains the Eye at all; if he do, let 


be perceiv'd, and then he will be convinc'd: Or let him conſider, whether this 
2 | | will 
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will hold in looking at the Sun through very dark Glaſſes, which render the 


Sight thereof as inoffenſive to the Eye as that of a green Field; but perhaps 
he will then ſay, that this other Reaſon holds, which is, Secondiy, That the 
greater imaginary Diſtance, at which we think the Moon near the Horizon, 
than when more elevated, makes us contemplate her as if really ſhe was ſo, 
viz. with ample Pupils, &c. But this I have ſufficiently overthrown in m 

Remarks againſt Des Cartes: Therefore I paſs it over, only ſubjoining, that if 
there were any thing in this Surmiſe, methinks the horizontal Moon ſhould 
rather be fancy'd nigher to us than farther from us; for if we are for trying 
natural Thoughts, let us take Children to determine the Matter, who are apt to 


think, that could they go to the Edge of that Space that bounds their Sight, 


they ſhould be able (as they call it) to touch the Sky; and conſequently the 
Moon ſeems then rather nigher to us than farther from us. 5 | 
After I had writ thus far, I accidentally caſt my Eve upon Riccioli's Trea- 
tiſe of Refraction, at the End of his Second Volume of Almageſt, Lib. 10. Set. 6. 
Cap. 1. Queſt. 13. wherein he ſpeaks of our preſent Difficulty z but to my 
wonder I find him aſſert, That he and Father Grimaldi had often taken the 
horizontal Sun and Moon's Diameters by a Sextant, when to the naked Eye 
they appeared very large (Grimaldus directing his Sight to the left Edge, and 
Ricciolus to the right) and that even by the Inſtrument they always found the 
Diameters greater than when more elevated, the Sun often ſubtending an An- 
ge of almolt a Degree, and frequently 45 Minutes, the Moon alſo 38 or 40 
inutes. This is downright contrary to the Matter of Fact which I have 
before alledged, and directly repugnant to the Matter of Fact aſſerted by the 
forementioned French Abbe Whether of us be in the right, leave to accurate 
Experiment to determine, and ſubmit the Whole to the Deciſion of the illu- 
ſtrious Royal Society. Only give me leave to add one Word againſt Riccioli; 
for had his Experiments been accurately proſecuted, he ſhould have tried 


them when the horizontal Moon had looked ten times more large in Dia- 


meter than ordinary; and then, if it be true, that even by an Inſtrument ſhe 
will be found proportionally broader; then really ſhe ſhould ſubtend an An- 
gle of zoo Min. or f Deg. for very often I have ſeen the Moon when ſhe 
appeared ten times broader than ordinary, which the ſmall Addition of 8 or 
10 Min. to her uſual Diameter will never cauſc. | 5 
2. I diſcourſed of this Appearance near 40 Years ago with Mr. Foſter, then ThisPhenomenon 
Profeſſor of Aſtronomy in Greſham College, who did then aſſure me (from his %% 7 
own Obſervation I ſuppoſe) that the apparent Magnitude taken by Inſtru- Ibis. p. 323. 
ments (however the Fancy may apprehend it} is not greater at the -Hori- 
zon than when higher. Mr. Caſwell affirms the ſame thing; and I do not 
doubt but the thing is ſo: For though Refraction ncar the Horizon alters 
the Altitude of the thing ſeen; yet it cannot alter the Azimuth at all. For 


ſince this equally reſpects all Points of the Horizon; let the Refraction be 


what it will, the whole Horizon can be but a Circle: So that there is no 
room for the Breadth of a thing (as to the Angle at the Eye) to be made 
greater, whatever its Tallneſs may (the Refraction not equally affecting all 
Parts in the Circles of Altitude). Nor is there any Reaſon, why this ſhould 
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rather thruſt the other, than the other thruſt this, out of Place. Whereas, 
ih the Altitude, it is otherwiſe: For while what is near the Horizon is en- 


larged, that which is further off is thereby contracted: which as to the Azi- 


muth, or Horizontal Poſition, cannot be. 


Suppoſing then that the Sun's apparent Horizontal Diameter, taken by 


Inſtrument, is the ſame near the Horizon, as in a higher Poſition ;eI take its 


imaginary Greatneſs, which is fancy'd near the Horizon, to be only a De- 

ys of the Eye, or rather the Imagination from the Eye. 

"or ſure it is, that the Imagination doth not eſtimate the Greatnels of the 
Object ſeen, only by the Angle which it makes at the Eye; but, by this 
compared with the ſuppoſed Diſtance. True it is, that ceteris paribus, we 
judge that to be the greater Object which makes at the Eye the greater An- 
gle; but nor io, if apprehended at different Diſtances. 

Por it through a Caſement (or leſſer Aperture) we ſee a Houſe at 100 
Yards Diſtance; this Houſe (though ſeen under a leſs Angle) doth not to us 
ſeem leſs than the Caſement through which we ſee it, (or this | wes than 

that, becauſe it makes at the Eye the greater Angle) but the Imagination 

3 a comparative Eſtimate from the Angle and Diſtance jointly con- 

ſidered. 


So that of two things ſeen under the ſame or equal Angles, if to one of 
them there be ought which gives the Apprehenſion of a greater Diſtance, that 


to the Imagination will appear greater. Now ſure it is, that one great Ad- 
vantage for eſtimating the Diſtance of a thing ſeen, is from the Variety of 


intermediate Objects between the Eye and the thing ſeen. For then the Ima- 


gination muſt allow room for all theſe things. 8885 
Nov when the Sun or Moon 1s near the Horizon, there is a Proſpect of 
Hills, and Valleys, and Plains, and Woods, and Rivers, and Variety of 
Fields and Incloſures, between it and us; which preſent to our Imagination 
a great Diſtance capable of receiving all theſe: Or if it fo chance that (in 
ſome Poſition) theſe Intermediates are not actually ſeen; yet having been ac- 
cuſtomed to ſee them, the Memory ſuggeſts to us a View as large as is the vi- 
fble Horizon. 1 | 
Bur when the Sun or Moon is in a higher Poſition, we ſce nothing be- 
tween us and them, (unleſs perhaps ſome Clouds) and therefore nothing to 
preſent to our Imagination ſo great a Diſtance as the other is. 


And therefore, though both be ſeen under the fame Angle, they do not 


appear (to the Imagination) ofthe ſame Bigneſs; becauſe not both fancy'd at 
the fame Diſtances : But that near the Horizon is judged bigger (becauſe ſup- 
poſed farther off) than the ſame when at a greater Altitude. 
Tis true, that as to ſmall and middling Diſtances (befides this Eſtimate 
from Intermediates) the Eye hath a Means within itſelf to make ſome Eſti- 
mate of the Diſtance. As, when we already know the Bigneſs of a thing 
icen, to which we have been accuſtomed; as, a Man, a Tree, a Houſe, or 
the like: If ſuch thing appear to us under a ſmall Angle, and indiſtinct, and 
faintly coloured, the Imagination doth allow ſuch Diſtance as ro make 
ſuch a thing ſo to appear. And if this, through a Perſpective-Glaſs, be 
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repreſented to us under a bigger Angle, and more diſtinct, it is accordingly 


apprehended as ſo much nearer. But the Caſe is otherwiſe, when we do not, 
by the known Bigneſs, judge the Diſtance; but, by the ſuppoſed Diſtance, 
judge of the Bigneſs, as in the Caſe before us. And accordin ly, different 
Perſons, according to different fancied Diſtances, judge very difrently, 
Again: In our two Eyes (when the Object is ſeen by both) there is yet 
another Means of eſtimating how far off it is. (And it is this by which we 
judge of Diſtances.) Namely, there are, from the ſame Object, two diffe- 
rent viſual Cones, terminated at the two Eyes; whoſe two Axes contain, at 
the Object, different Angles, according to different Diſtances; an acuter An- 
ole at a greater Diſtance, and more obtuſe when nearer. - 5 
Now, that ſuch Object may be ſeen by both Eyes clearly, it is requiſite 
that the Eyes be put in ſuch a Poſition, as that the Sight of cach Eye receive 
the reſpective Axis at Right Angles; which requires a different Poſition of 
the two Eyes, according to the different Diſtance of the Object: As will 
manifeſtly appear, if we look with Attention on a Finger (or other ſmall 


Object) at 2 or 3 Inches Diſtance from the Eye, and then upon another 
like Object at 3 or 4 Yards beyond it (and this alternately ſeveral times). 


For 'twill be manifeſt, that while we look intently on the one, we do not 
ſee the other, (or but confuſedly) though both be juſt before us. And, as 
we change our View, from the one to the other, we manifeſtly feel a Mo- 
tion of the Eyes (by their Muſcles) from one Poſture to another. 

And according to the different Poſture in the Eyes, requiſite to a clear Vi- 
ſion by both, we eſtimate the Diſtance of the Object from us. 1 


And hence it is, that they who have loſt the Sight of one Eye, are at a 


great Diſadvantage, as to eſtimating Diſtances, from what they could do 
while they had the Uſe of both. e 


But now when the Diſtance grows ſo great, as that the Poſition of theſe 


viſual Axes become parallel, or ſo near to parallel as not to be diſtinguiſhable 
from it, this Advantage is loſt, and we can thenceforth only conclude, that 
it is far off; but not how far. Hence it is, that our View can make no Di- 
ſtinction of the Moon's Diſtance from that of the other Planets, or even of 
the fixed Stars: But they ſeem to us as equally remote from us; though 


we otherwiſe know their Diſtances from us to be vaſtly different; be- 
cauſe the Parallax (as I may ſo call it) from the different Poſition of the two 


Eyes, is quite loſt, and undiſcernible in Diſtances much leſs than the leaſt of 
theſe. 1 e 3 . 
So that, though as to ſmall Diſtances we may make ſome Eſtimate from 
the known Magnitude of the Object; and as to middling Diſtances, from 
the Parallax (as I may call it) ariſing from the Interval of the two Eyes: 
Yet even this latter will hardly reach beyond, if ſo far as, the viſible Hori- 


zon, and all beyond it is loſt. And therefore, there being nothing left to 


aſſiſt the Fancy in eſtimaring ſo great a Diſtance, but only the intermediate 
Objects; where theſe Intermediates appear to the Eye (as when the Sun or 


Moon are near the Horizon) the Diſtance is fancied greater, than where they 
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Fig. 113. 


appear not (as when farther from it) and conſequently (tho' both under the 
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ſame or equal Angles) that near the Horizon is fancied the greater: And this 
I judge to be the true Reaſon of that Appearance. e 


An Experimens VIII. We took a Cylinder of caſt Braſs, ABCD, and cut one End of 


of the Refrattion 


it CD, perpendicular to the Axis ac x; the other End AB, inclined to it 
at an Angle of about 27 deg. 3o min. and therefore the Perpcndicular to this 
inclining Plane p c, and the Axis of the Cylinder à c x, comprehended an 
Angle p c a, of about 62 deg. 30 min. Theſe Ends were ground very true. 
upon a Glaſs-Grinder's Braſs Tool, and each of them was compaſs'd about 
with a narrow Feril of thin Braſs Y. Into the upper S'de of the Cylin- 
der, at E, was ſoldered the Braſs-Pipe E F, and into the under Side, at G, the 
other Braſs-Pipe GH ; the former of theſe Pipes being about 3 Inches long, 
and the latter 6 Inches. Upon the Plate 4 4 d, were fix'd two other Plates, 
LL, perpendicular to it, and parallel to each other. Each of theſe two Plates 
had an Arch of a Circle (whoſe Diameter was equal to that of the Cylinder) 
cut out of its proper Edge; fo that when the Pipe G N was let thro' a Hole 
near the Middle of the Plate 4 d d, the Cylinder fell into the Arches; and 
being faſtned there with Solder, the Axis ac laid parallel to the Plate d 4 d, 
and about an Inch and a half above ir. The perpendicular End of the Cy- 
linder, DC, was cloſed with an Object-Glaſs of a 7+ Foot Teleſcope o, 
and the inclining End A B, with a well-poliſh'd flat Glaſs, F 7; which was 
carefully choſen to tranſmit the Object diſtinct enough, notwithſtanding its 
Obliquity to the viſual Rays. The Ferils were filled with Cement round 
about the Edges of the Glaſſes, which laid flat, and every where touched the 


ſmooth Ends of the Cylinder, that they might firmly ſupport the Weight 


and Preſſure of the excluded Air. 


Fig. 114. 


Fig. 115, 


Inſtead of a Ciſtern (as in the Torricellian Experiment) we made uſe of the 
inverted Syphon of Braſs MN O, ſolder'd to the Plate gg g. One of the 
Sides MN, ſtood perpendicular to the Plate g g g, and the other Side NO, 
inclined to it, and was ſupported near the upper End O, with a little Piece 
of Braſs, & K. | 

We then placed the Cylinder upon a Table, which was well faſtned to 
a firm Floor: The Pipe G H, was let through a Hole in the Top of the 
Table; and the Plate d 4 d, was nailed down to it: The Tube of the Te— 
leſcope s s 5, with the Eye-Glaſs in it, was applied to the Object-Glaſs, and 
a Hair fix'd at x, the common Focus of both Glaſſes, in the Axis of the 
Cylinder continued to it. Upon the Floor (under the Cylinder) we nailed 
the Plate gg g, with the inverbed Syphon upon it, and joined M to H, by 
the Inſertion of the Glaſs Tube T. The Joints were very carcſully cloſed 
with Cement, and then covered over with Pieces of a Bladder wrapp'd hard 
with {ſtrong Thread. There was alfo a Bladder tied below each Joint at , 


and when it was filled with Water it was tied about at »; fo that no Air 


could come to the Cement, to inſinuate itſelf through its Pores or Fiffurcs, 
if any happen'd to be left uncloſed. ENCE IRIS | 


Ir 
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It will not (J hope) be thought more than neceſſary, that in this Account 
of the Apparatus, I have mention'd fo many minute Circumſtances; for 
we found it difficult enough to exclude the Air, and almoſt impoſſible to 
diſcover the very little Holes through which fo ſubtile a Fluid would free- 
ly enter and poſſeſs the Spaces deſerted by the /ub/iding Mercury. But, 
with all this Precaution, the Experiment ſucceeded at laſt, as I wiſhed; 
after this Manner : | 5 
We placed the Object à (which was a black Thread faſten'd in a little 
Frame over a Piece of white Paper) in the Axis of the Cylinder xca: We 
fill'd the Pipes and Cylinder with Mercury; and having ſtopped the upper 
End of the Pipe at F, with the little Iron Stopple K, and cloſed it, at the 
upper Part of the Tube and other Joints, we let the Mercury run out gent! 
at O (into the Bladder 2) till it remain'd ſuſpended at the uſual Height (as 
in the Barometer) leaving the upper Part of the Tube, and the Cavity of the 


Cylinder between the Glaſſes oo, and f f, vaid of Air. We then ſaw the 


Object, which before appear'd in the Axis at x, raiſed conſiderably above it; 
and we reduced it to appear again at x, by removing it from a to a. The 
Axis therefore of the viſual Ray (which was alſo the Axis of the Cylinder) 
x Ca, n perpendicularly on the void Space, paſſed through it without 
any Refraction: But emerging obliquely into the Air, it was refracted to- 
wards the Perpendicular pc, and received a new Direction to a. And 
therefore the Diſtance a «, ſubtended the Angle; of Refraction aca; all 
which we meaſured, and found as follows; viz. 

| | | | Inches. Dec. Parts. 
The Height of the Object above the Axis, or — — 


unrefracted viſual Ray a - - = - = = = | 47 
The Diſtance of the Object from the 9 5 
Plain @ c, about 51 Feet, ort 12 | 


| 3 ED | | Des. Min. Fer. 
Therefore the Angle of Refraction a c a, was - - - 00 oz 23 


The Angle of Emerſion p a, (by the Conſtruction? , Y 
of the Cylinder) was - - 5 3355 4» 1 8 

Therefore the Angle of Incidencepca = pca +T 13 
J/%% V $i». „ 


And therefore univerſally, (according to the known Laws of Refraction) 


The Sines of the Angles of Incidence being-— = = 100200. 
The Sines of the Angles of Emerſion are = - - - 100036 
And the refractive Power of the denſe Air - - - - 36 


By the refractive Power of a pellucid Body, I mean that Property in it 
whereby the oblique Rays of Light are diverted from their direct Courte, 


and which is meaſured by the proportional Differences (always obſerved) 


between the Sines of the Angles of Incidence and Emerſion. i 
| is 
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This Property is not always proportional to the Denſity (at leaſt not to 
the Gravity) of the refracting Medium: For the refractive Power of Glass 
to that of Water is as FF to 34, whereas its Gravity is as 87 to 34; 
that is, the Squares of their refractive Powers are (very near) as their re- 
ſpective Gravities. And there are fome Fluids, which, tho' lighter than 
Water, yet have a greater Power of Refraction: Thus the refractive Power 
of Spirit of Wine (according to Dr. 7/ook's Experiment, Microgr. Obſ. lviii. 


P. 220.) is to that of Water, as 36 to 23; and its Gravity reciprocally as 


23 to 36, or 363. But the refractive Powers of Air and Water ſeem to 


obſerve the ſimple Proportion of their Gravities direftly, as I have compared 
them in the following Table. The Numbers there expreſſing the Retra- 
ction of Water are taken from the Mean of Nine * Experiments, made at 
ſo many ſeveral Angles of Incidence, Far. 25. 1642. by Mr. Gaſcoigne, 


(the ingenious firſt Inventor of the Micrometer, and the Ways of meaſuring 


Angles by Teleſcopes) and thoſe of Air are produced by the preceding Ex- 
periment. 5 


| | WY p Water. BY” 
The (aſſumed) Sines of the Angles of Incidence 
on the Void from - = - TIPS ᷑ ( 


1 jo rhe rann en Angus of . þ 134400 | 100036 


- 


The refractive Power of... . - $4400 4 6 
The ſpecifick Gravity (if as 900 to 1 at Reb 3 48 

Time of the Experiment) of - - - = - 544 3 
Or-(it w $500'1}-0of =: 0 


From hence it ſeems very probable, that their reſpective Denſities and 


refractive Powers are in a juſt /mple Proportion. And if this ſhould be 
confirmed by ſucceding Experiments, made at different Angles of Inci- 


dence, and with Cylinders continuing exhauſted through ſeveral Changes 
of the Air, it would be more than probable that the refractive Powers 


of the Atmoſphere are every where, and at all Heights above the Earth, 
proportional to its Denſities and Expanſions: And then it would be no 


difficult Matter to trace the Light through it, ſo as to terminate the 


Shadow of the Earth, and (rogether with proper Expedients for meaſuring 


the Quantity of Light illuminating an opake Body) to examine at what 


Diſtances the Moon muſt be from the Earth to ſuffer Eclipſes of the ob- 


{erved Duration. | 


1 


* I am indebted for theſe Experiments to the Reverend and very accurate Aſtronomer Mr. 
Flamfteed ; who copied them, together with many other Obſervations and ſeveral Paſſages 
relating to them, from Mr. Gaſcoigne's Letter to Mr. Crabtree : They were happily preſerved, 


in the Time of our Civil War, by the late Sir Jenas Moor, and Mr. Chr. Townley ; and they 


are now in the Hands of Mr. Rich. Townley, of Tonuley in Lancaſhire, by whom they were 
imparted ſome Time ago to Mr. Hamſteed. | | 


IX. Give 
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IX. Give me leave to ſuggeſt a Speculation, which bath been in my To find the Pa- 
Thoughts theſe forty Years or more; but I have not had the Opportu- als of re 


nity of reducing it to Practice: It is concerning the Parallax of the fixed F455; by 


Dr, Wallis, ro 
Stars, as to the Earth's annual Orbit. Mr. William 


Galileo complains of it a great while ſince (in his Sy/ema Coſinicum) as Molyneux. 
a thing not attempted to be oblerved with ſuch Diligence as he could WE 
wiſh; and I doubt we have the ſame Cauſe of complaining ſtill. I know 
that. Dr. Hoc and Mr. Flamſteed have attempted ſomewhat that way, but 
have deſiſted before they came to any thing of Certainty. What hath 
been done to that purpoſe Abroad I know nor. 

Galileo hath ſuggeſted divers Things conſiderable in order to it; as, 
the Times of Oblervation, the Stars to be obſerved, and the Manner of 
obſerving them; which yet 1 doubt is not practicable. That which oc- 
curred to my Thoughts upon thele Conſiderations, was to this purpoſe: 
That ſome circumpolar Stars (nearer to the Pole of the Equator than is 
our Zenith, and not far from the Pole of the Zodiack) ſhould be made 
choice of for this purpoſe. And in caſe the meridional Altitude be di- 
ſcernibly different at different Times, ſo will alſo be their utmoſt Eaſt and 
Weſt Azimuth, which may be better obſerved than their Riſing or Set- 
ting: And this will not be obnox1ous to the Refraction, as is the meridional 
Altitude (for though the Refraction do affect the Altitude, yet not the 
Azimuth at all;) and we may here have choice of Stars for the purpoſe; 
which, in Obſervations from the Bottom of a Well, we cannot have; 
being there confined to thoſe only which paſs very near our Zenith, tho 
very ſmall Stars. | 9 Ty | 
I would then take for granted, as a thing at leaſt very probable, that 
the fixed Stars arc not all (as was wont to be ſuppoſed) at the fame 
Diſtance from us, but the Diſtance of ſome vaſtly greater than of others; 
and conſequently, though as to the more remote, the Parallax may be 
undiſcernible, it may, perhaps, be diſcernible in thoſe that are nearer to 
us. HY 

And thoſe we may reaſonably gueſs (though we are not ſure of it) 
to be neareſt to us, Which to us do appear biggeſt and brighteſt, as 
are thoſe of the Firſt and Second Magnitude; and there are at leaſt of the 
Second Magnitude pretty many not far from the Pole of the Ecliptick 
(as that in particular in the Shoulder of the Leſſer Bear): And, in caſe 
we fail in one, we may try again and again on ſome other; which may 
chance to be nearer to us than what we try firſt. And Stars of this Big- 
neſs may be diſcerned by a moderate Teleſcope, even in the Day-time; 
eſpecially when we know jutt where to look for them. 

The Manner of Obſervation, I conceive may be thus. Having firſt 
pitched upon the Star we mean to obſerve, and having then confidercd 
(which is not hard to do) where ſuch Star is to be ſeen in its greateſt Eaft 
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dily on ſome Tower, Steeple, or other high Edifice, in a convenient Situ- 


ten Seconds: So that beſides the Advantage 


or Welt Azimuth; it may be then convenient to fix (very firm and ſtea- 


ation) a good Teleſcopick Object-Glaſs in ſuch Poſition as may be pro- 
per for viewing that Star. And at a due Diſtance from it, near the Ground, 
build on purpoſe (if already there be not any) ſome little Stone Wall, or 
like Place, on which to fix the Eye-Glals, fo as to anſwer that Object- 
Glaſs: And having ſo adjuſted it, as through both to ſee that Star in its 
deſired Station (which may beſt be done while the Star is to be ſeen b 

Night in ſuch Situation, near the Time of one of the Solſtices) let it be 
there fixed ſo firmly, as not to be diſturbed (and the Place ſo ſecured, as 
that none come to diſorder it) and care be taken ſo to defend both the 
Glaſſes, as not to be endangered by Wind and Weather. In which Con- 


trivance, I am beholden to Mr. John Caſwel, M. A. of Hart-Hall in Ox- 


ford, for his Advice and Aſſiſtance, with whom I have many Years ſince 
communicated the whole Matter. ET | 

This Glaſs being once fixed (and a Micrometer fitted to it, ſo as to have 
its Threads perpendicular to the Horizon, to avoid any Inconvenience which 
might ariſe from Diverſity of Refraction, if any be) the Star may then be 
viewed from Time to Time (for the following Year, or longer) to ſee if 
any Change of Azimuth can be obſerved. 

This I thought fit to recommend to your Conſideration, who do ſo 
well underſtand Teleſcopes, and the Managery of them: But when I ſug- 
geſt (as a convenient Star for this purpoſe) the Shoulder of the Leſſer Bear 
(as being the neareſt to the Pole of the Zodiack of any Star that 1s of 
the Firſt or Second Magnitude) I do not confine you to that Star; but 
(without retracting that) ſuggeſt another; namely, the Middle Star, in 
the Tail of the Great Bear, which (though ſomewhat further from the 
Pole of the Zodiack) is a brighter Star than the other, and may be nearer 
to us. 

But I do it principally upon this Conſideration; namely, That there 
is adhering to it a very ſmall Star, (which the Arabs call Alcor, of 
which they have a proverbial Saying, when they would deſcribe a ſharp- 
ſighted Man, That he can diſcern the Rider on the Middle Horſe of the 
Mayne And of one who pretends to ſee {mall Things, but overlooks much 
greater, Yidit Alcon at non Lunam Plenam:) Which Hevelius in his Ob- 
ſervations finds to be diſtant from it about nine Minutes, and five or 

| of diſcovering the Parallax 
of the greater Star, if diſcernible; the Difference of the Parallax of that 
and of the leſſer Star (being both within the Reach of a Micrometer) may 


do our Work as well. For if that of the greater Star be diſcernible, 


but that of the leſſer be either not diſcernible or leſs diſcernible, their 
different Diſtances from each other at different Times of the Vear may 
perhaps (without farther Apparatus) be diſcerned by a good Teleſcope of 
a competent Length, furniſhed with a Micrometer, if carcfully preſerved 


from 


„„ 8 
from being diſordered in the Intervals of the Obſervations; and diſcover at 
once, both that there is a Parallex, and that the Fixed Stars are at different 
Diſtances from us; wherein, that I may not be miſtaken, my Meaning is 
not that the Inſtrument or Micrometer ſhould be removed for the obſerving 

of the Leſſer Star, but that (when the Azimuth of the Greater Star is ta- 
ken) by a Micrometer (conſiſting of divers fine Threads parallel and tranſ- 
verſe) may (at the ſame time) be obſerved the Diſtance of the two Stars, 
each from other, in that Poſition (both being at once within the Reach of 
the Micrometer ) W hich Diſtance (the Inſtrument remaining unmoved) if 
it be found (at different Times of the Year) not to be the lame, this will 
prove that there is a different Parallex of theſe two Stars. 


E 


bo This latter Part of the Obſervation ( of their different Diſtances at dif- 

ferent Times) I ſuggeſt as more eaſily practicable, though not ſo nice as the 
former: For it may be done, I think, without any further Apparatus there 
than a good Teleſcope of ordinary Form, furniſhed with a Micrometer, (this 
being carefully kept unvaried during the Interval of thetc Obſervations.) And 
if this Part only of the Obſervation (without the other) be purſued, it mat- 
ters not though the two Obſervations (near the two Solſtices) be, one at the 
Eaſtern, the other at the Weſtern, Azimuth (whereby both may be taken 
in the Night- time) for the Diſtance mult (at both Azimuths) be the ſame, 
If, after obſerving the Azimuth of the greater Star, it be neceſſary to move 
the Micrometer tor meaſuring its Diſtance from Alcor, that may be done ano- 
ther Night, (and it is not neceſſary to be done at one Obſervation) for that 
Diſtance cannot be diſcernibly varied in a Night or two. 


X. Since the Pzthagorean Syſtem of the World has been revived by Coper- Concerning the 1 
nicus, (and now by all Mathematicians accepted for the true one) there 3 i 
ſeemed Ground to imagine, that the Diameter of the Earth's annual Courle a, Francis | 
(which, according to our beſt Aſtronomers, is at leait 40000 times bigger Roberts. | 
| 85 : — 2 : . 5 : N. 209. Pp. 101, 9 
than the Semidiameter of the Earth) might give a ſenſible Parallax to the 
Fixed Stars, and thereby determine their Diſtance. But there are tome Con— 
ſiderations which make us ſuſpect that even this Baſis is not large enough for 


that Purpole. 


M. Hugens (who is very exact in his Aſtronomical Ghbſervations) tells 

us, He could never diſcover any viſible Magnitude in the Fixed Stars, 

though he ufed Glaſſes which magnified the apparent Diameter above 100 
times. 1 


Now, ſince in all likelihood the Fixed Stars are Suns, (perhaps of a diffe- 
rent Magnitude) we may, as a rcaſonable Medium, preſume they are gene- 
rally about che Bigneſs of our Sun. | 

: 
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Let us then (for Example) ſuppoſe the Dog-Star to be ſo. The Diſtance 
from us to the Sun being about 100 times the Sun's Diameter, it is evident, 
that the Angle under which the Dog- Star is ſeen in Mr. Hugens's Teleſcope, 
mult be near the ſame with the Angle of its Parallax to the Sun's Diſtance, - 
or Semidiameter of the Earth's annual Courſe; ſo that the Parallax to the 


whole Diameter can be but double ſuch a Quantity as even to Mr. Hugens's 
nice Obſervation is altogether inſenſible. 


The Diſtance therefore of the Fixed Stars ſeems hardly within the reach 
of any of our Methods to determine: But from what has been laid down, we 


may draw ſome Concluſions that will much illuſtrate the prodigious Vaſtneſs 
of it. — by 


I. That the Diameter of the Earth's annual Orb (which contains at leaſt 
160 Millions of Miles) is but as a Point in compariſon of it; at leaſt it muſt 
be above 6000 times the Diſtance. of the Sun: For if a Star ſhould appear 
through the aforeſaid Teleſcope half a Minute broad, (which is a pretty ſen- 
ſible Magnitude) the true apparent Diameter would not exceed 18///, which 
is leſs than the 600oth Part of the apparent Diameter of the Sun; and con- 


ſequently the Sun's Diſtance not the 6000th Part of the Diſtance of the 
Star. 1 1 


2. That could we advance towards the Stars 09 Parts of the whole Diſtance, 
and have only 1ooth Part remaining, the Stars would appear little bigger to 


us than they do here: For they would ſhew no otherwiſe thanthey dothrough 
a Teleſcope which magnifies an hundred-fold: 


3. That at leaſt 9 Parts in 10 of the Space between us and the Fixed Stars 


can receive no greater Light from the Sun, or any of the Stars, than what 
we have from the Stars in a clear Night. e 


4. That Light takes up more Time travelling from the Stars to us, than 
we in making a Weſt-India Voyage, (which is ordinarily performed in fix 
Weeks: ) That a Sound would not arrive to us from thence in p0οοο˖ Years, 
nor a Cannon- Bullet in a much longer Time. This is eaſily computed, by 
allowing (according to Mr. Newton) 10 Minutes for the Journey of Light 


from the Sun hither, and that a Sound moves above 1300 Foot in a Se— 
cond. . | e 


The Places o | 5 3 3 5 | 
de kk fixes XI. Inter Codices tuos Arabicos in Muſzo Mertonenſi (numeras autem plus 


Star, according uadraginta Doctrinæ & Obſervationis Sideralis refertos) in Tabulis Ilchanicis 
to the beſt anci- 


udio Per ſæ præclari Choage Nafirodini Tuſii faczum offendi, ut præcipui Ho- 
ent Obſervers ; by a os a | | 
Dr. Edward noris Stellas Fixas, ſecundum variorum Aſtronomorum varia Obſervata, qua 


Bernard, ro Batæ (ut loquuntur) quave illæ Longæ in Cœlo deprehendebantur, brevis 


Huntington. Pagina repreſentaret. Hoc ergo Canonion, partim ex tuo Peculio, u 


t vides, 
N. 158. p. 367. 


partim 
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partim ab aliis, adauxi. Non equidem quaſi Rem Magnam mihi viderer adeo 
feciſſe; verum ut noſtri Homines ſenſum ac Opinionem aliquam concipiant 
Aſtronomiæ Orientis, ubi Ars ea primum nata conſtat. Multa ſane com- 
mendant Aftronomiam Orientalium; Felicitas quidem & Claritas Regionum, 
ubi Obſervatum; Machinarum Granditas & Accuratio, Quantas plerique no- 
ftri credere nolunt Calo ipſos obvertiſſe; Contemplantium inſuper Numerus 
& Scribentium, decuplo major quam apud Græcos Latinoſque celebratur; 
Adde decuplo Plures Munificentiores, ac Potentiores Principes, qui viris boni 
Ingenii ſumptus & Arma Ceelettia dederunt. Quid vero Aſtronomi Arabum 
in CI. Plolemæo, magno Conſtructore Artis Cœleſtis, injuria nulla reprehende- 
rint; quam illi ſolicite Temporis Minutias, per Aquarum Guttulas, Immani- 
bus Sciotheris, imo (mirabere) Fili Penduli Vibrationibus, jampridem diſtinx- 
erint & menſurarint; quam etiam perite & accurate verſaverint in magno mo- 
limine Ingenii Humani, de Ambitu Intervalloque binorum Luminarium & 
noſtri Orbis, una Epiſtola narrare non debet. N 
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Progrediuntur autem Stellæ Fixæ Gradum unum 
Annis Solaribue, 


1 Ipparcho, Ptolemeo, Theoni, Proclo & Alfergano 109 
2. Timocharidi Alexaudrino, qui obſervarat Spicam Cœleſem Annis 


Nabon. 454. & 466. Abdorahmano Salchio, & de D. Petavio, 725 
Ge 60 * 12 


& Fo”. quovis Anno. 


3. Johannide Agyptio, Canonum Hacimicorum Conditori — — 704 
4. Jahiæ f. Abomanſori, aliiſque Probatæ, quam vocarunt, Aſtronomiæ Au- 
ctoribus: nec non Na/irodino Tuſio, Cothodino Sirafio, Ologbeco Mogolo— 
rum Domino, Xacholgio, Abolphetacho, Abeneſdræ, Maimonidæ, & ple— 
riſque juniorum — — — — — ———— ———70. & fl”. 26“. 

. Chryſococce in Perſicis, & Aſtron. Anglicis. An. Ch. 1300. —68. & 52“. 23“. 
6. Aſtronomis pleriſque Arabum ſub Mamone Principe — — — — — 66 5. 
7. Abdorahmano Sophio, Bahodino Chorcio, Alphonſo Regi, Albatanio ex Racca, 


(quæ eſt Callinicos Meſopotamie) Abdolgalils Segazio, Levi & Zacuto Judxis, 
& Obſervatorum Maragenſium nonnullis — —— — — 66. & $3". 33" 
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XII. Tubum habeo Pedum 133, Lentibus Convexis, & Micrometore ex- Ty Pleiades cb 


5 actiſſimo Townleniang Inſtructum, quocum Noctibus ſerenioribus Menſium ſerved, in 1671. 
41 Octobris & Novembris, nuper elapſorum, Minuras frequenter Pleiadum Stellu- 1 wad * 
4 larum Intercapedines dimenſus ſum, idque adeo auipicato, ut nunquam 20. f. 3067, 3062. 
I imo per raro 100. inter ſe diiſiderent repetitæ Obſervationes; à prægreſſis e- | 
| tiam Defuncti D. Gaſcognii, & nuperis Generoſiſſimi Jornlei ( quantorum 
3 Hominum : ) eadem ratione peractis Obſeryationibus, confirmatæ; que qui- 

dem Diſtantiæ limatiflime fic ſe habent, 8 
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2 2D 2 2. Mom. os 


Addit Fine. Mutus in Epiſtola ad Doctiſſimum Ricciolam, (cujus meminit 
im Appendice ad Alm. No. Tom. I. Pag. 747.) Occidentalem Lucidiorem tran- 
ſiiſſe Meridianum in cadem omnino Altitudine ac Lucidam Pleiadum. Qua fre- 
rus Adverſione & Obſervatis Diſtantiis, Loca Stellis aſſignavi infra ſcripta 
Media prius Lucida, eodem omnino Loco & Latitudine donata, que Authors 

Carolino arrideat; cæteris etiam abinde diſpoſitis; quas tamen omnes, propri- 

am ſi hac in re ſententiam ſequi licuiſſet, tres vel ſaltem duos Scrupulos Pri- 

mos Promotiores, nec non & Latiores ab Ecliptica proponerem: Ineunte 

Ann. 1672. conſtitutæ, V 
EE Felle. { Long. S Lat. Bor. mag] 


Pleiadum. „ 


» 


Occidentalis Lucidior = - - - - - - - bſz4 45 if] 4 08 51 
Intra hanc & Borealiorem Teleſcopicam gj24 46 47] 4. 19 21 
Occidentalis Borealior - - - - = - 424 54 48] 4 28 19 
| Suprema in Quadrilatero - = - - eſzy ol 24] 4 20 39 
| Infima Auſtralis oppoſita = = = - - - d 25 02 18 3 73 F9 
} | {Media & Lucida - - - - - - - - - - alzF 19 48 4 oo oo 
N | Quz in Cuſpide ad Ortum = = = - ffzy 41 29] 3 52 19 
S PDOrientalium ſuperior Teleſcopica - -- - by 42 55 3 56 F1 
on Teleſcopica alia - - - - - - if 14 04] 3 42 37 
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XIII. 1. Inter Canem Majorem & Navem nuper deprehendi Nebuloſam viſu AncbulousStar, 
Pulcherrimam, ſi magnis Teleſcopiis inſpiciatur, ex Stellis Confertiſſimis com- f - LR 
poſitam, quæ Cœlum mediat cum Cane Minor. 123. P. 35. 

2. Cœlos infra Procyonem perluſtrans, Nebuloſam offendi, Latam, & . Flam- 


_ 7 ; {teed, 
Stellulis Confertiſſinam. Hanc eandem credo quam Cl, Caſſiuus obſer— 104 7. 367. 


vavit. 


XIV. Ann. 1664. I diſcovered the firſt Star in the Head of Aries to be a The fiſt of Aries 


double Star, made of two conſiderable Stars, ſo near as not to be diſcovered 5 ey 


two, but by a Glaſs of fix or eight Foot long. Pb. Coll; N. . 


P. 108. Mug, 


XV. 1. Deſunt in Cœlo duæ Stellæ Secundæ Magnitudinis in Puppi changes amongſt 
Navis ejuique Tranſtris, Bayero g & , prope Canem Majorem, à me & aliis oF gion Stars , 
occaſione præſertim Cometæ, Anno 1664. Obſervatæ & recognitæ. Earum 2 . 
Diſparitionem cui Anno debeam, non novi; hoc indubium, quod a die 10 P. 220. Mug, 
April. 1668. ne Veſtigium quidem illarum adeſſe amplius obſervo; cæteris 
circa eas, etiam Quartz & Quintæ Magnitudinis, immotis. Plura de alia- 
rum Stellarum Mutationibus, pluſquam Centenis, at non tanti ponderis, an- 
notavi. | . | 

2. M. Caſſini hath diſcovered many new Stars; viz. One of the Fourth ) M. Caſſini. 
Magnitude, and two of the Fifth, in Caſſiopeia. He hath diſcovered two others N73. f. 2391 
towards the Beginning of Eridanus, where we were ſure they were not yet 


about the End of the Year 1664. conſidering that this Place of the Heavens, 
where paſted the then appearing Comer, was diligently beheld by many, who 


perceived divers other ſmall Stars, without obſerving thoſe two. The ſame 
hath alſo obſerved, towards the Arctic Pole, four of the Fifth or Sixth 
Magnitude. ” 

He hath alſo obſerved, That the Star which Bayerus puts near that which 
he marketh in the Figure of Ur/a Minor appears no more; that that which 
rs marked A, in the Figure of Audromeda, is alſo diſappear'd; that in licu. 
of that which is mark'd v, at the Knee of the fame Figure, there are two 
others more Northward; and that that which is &, is very much dimini{ii'd 
the Star which Ty:ho placeth at the Extremety of Andromeda's Chai, and 
calls it of the Fourth Magnitude, is now fo ſmall that one can ſcarce ſee it; 
and that which is in his Catalogue the z0th of the Conſtellation of Piſces, 
is now no more ſeen: VFA „ 6 

3. On the 24th of Sept. (St. N.) 1666. J have obſerv'd that New Star in The ew Star in 
Peftore Cyan, (which from the Year 1662 until this Time, hath been almott W e 
altogether hid) not only with my naked Eye, like a Star of the Sixth or Se- 80 3 
venth Magnitude, but alſo with a very great Sextant. It is ſtill in the very N. 21, . 372. 
fame Place of the Heavens where it was from Ann. 1661. to almoſt 1662. 

For its Diſtance from Scheat Pegaſi hath been by ine found 35. 517. 207 and 
from Marcad, 43. 107. 50“. which Diſtances are altogether equal to tho 
which I obſerved Ann. 1658. the Firſt of November. For the Diſtance from 
Sgheat at that Time was 35. 1”, 20“, and from Marcab, 43% 10". 27. 
. 5 where 
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N. 134. . 855. Ann. 1671. April. 29. Vix major adhuc apparuit quam Anno Præterito j 


N. 55. % 205. ſituated in the Section of the two ſtreight Lines, one of which goeth from 
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where that former from Scheat exactly anſwers ro the Recent; and that from 
Marcab, "tis true, differs in a very few. Seconds; but that Diſparity is of no 
moment, ſince it only proceeded from thence, that this New Star is not yet 
ſo diſtinctly to be ſeen as at that Time, when it was of the Third Magnitude. 
It is therefore certain, that it is the ſelf. ſame Star which Kepler did firſt ſee 
Ann. 1601. and continued till Aun 1662. He that will obſerve this Star, 
mult rake care Teſt he miſtake the Three more Southern ones of the Sixth 
Magnitude ; the highelt of which is diſtant from Scheat Pegaſi, 36%. 251. 4.51). 
the middlemoſt from the ſame 379. 25). 20/7. and the loweſt 38*. 4/. 300. 
N. 134. f. 2. Ann. 1662. Novemb. 28. Stella illa nova in Pectore gui quæ aliquamdiu 
ab Ann. 1662. plane dilituit, Cœlo ſereno quaſi Reviviſcere videbatur. 
Ann. 1666. Septemb. 21. Nudis Oculis (etiam Luna ſplendente) apparuit. 
Ka 2.4. Minor erat illis tribus præcedentibus in Collo & vix 6 Magn, vide- 
atur. 
N. 55. p. 2039, Ann. 1670. Aug. 26. Senſim Creſcere videtur quanquam necdum Major 
eſt Stellis 6 Magn. Sep. 3. Adhuc Creſcere videbaturz 8. Paulo adhuc Cre- 
ſcere deprehendimus; & O#ob. 13. Saris clare apparuerit. | 


{1 quidem Stellis 6 Magn. æquabatur. 
Ann. 1671. Jan. 26. Major ſere videbatur. 
Ann. 1672. Mart. 29. Adhuc Creſcere videbatur. 
| Ann. 1677. Ful. 22. Apparuit inſtar 6 Mag. | Hrs 
N. 154. p. 854 Ann. 1677. Nondum ad priorem Magnitudinem (Tertii videlicet Ho- 
noris) atque Claritatem & Splendorem (qua Magnitudine Ann. 1657, 1658, 
& 1659. apparuit) pervenit: ſiquidem non niſi inſtar 6 Magn. adhuc ful- 
8 
pb. Coll, N. 5. n Ann. 168 1. Aug. 18. Nova in Collo Cygni, Nudis Oculis ob ejus tenuita- 
p. 162. tem parvitatemque haud quidem conſpecta, ſed Teleſcopio tamen deprehenſa 
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The New St, 4. I. Don Anthelme, a Carthuſian at Dyon, on the 2oth of June, Ann. 


E. Capite 1670. diſcover'd a Star of the Third Magnitude beneath the Head of Cygnus, 
ygni. 
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N. 73. p. 2198. Lyra to the neareſt of the OQuadrangle in the Dolphin, and the other from the 
Eagle to the Star, which is on the Top of the Upper Wing of Cygnus. He 
ſent the News of this Diſcovery to M. L' Abbe Mariotte, one of the Royal 
Academy, who communicated it to the reſt. They all agree 'tis a Ne Star, 

1 though M. B...... oppoſed it at firſt, affirming it to be in Bayerus's Tables; 


but they prove that Star in Bayerus to be another; giving for Diſtinguiſnment 
theſe Meaſures. | | 


W 
4 o * 
N 9 W 3 


| | 0 ED / 
The bright Star ad Roſtrum Cygni, its Aſcenſio Recta 289 22 oo 
5 Declinatio Borealis 27 19 20 
But this New Star's Aſcenſio Recta is - 293 
. Declinatio Borealis 26 33 20 
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i 1 
Longitudo % 1 op 
1 Latitudo 47 28 10 
Its Diſtance from that ad Rofrum Cygni towards Jaculum 3 47 30 
From the Tail of Cygmus 29 54 30 
And from the Lucida [yr 18 39 45 
It came to the Meridian after the Star iz Roſiro Cu 16 44 
And before the Lucida Aquile - = <- = = < 0 


In the Beginning of Juh, this Star was obſerved to decreaſe: Fulg it: 
it ſcarce appear'd of the Fourth Magnitude. i 

Aug. 10. It was of the Fifth, and continued to decreaſe till it wholly 
diſappear'd. Ss | ; 

_ 1671. March 17. D. Authelme ſpy'd it again of the Fourth Mag- 
nitude. | 355 | , 


April 4. M. Caſſini found it greater than the two Stars of the Third 


Magnitude that are below in the Conſtellation of Lyra, and a little ſmaller 
than that in the Beak of Cygnus, but more radiant. 


April 9. He found it a little diminiſh'd, and almoſt equal to the greateſt 
of the two Stars that are below in Lyra. 
The 12th, it was equal to the leaſt of theſe two Stars. 


The 1xth, he perceiv'd that it increas'd, and found it equal the ſecond 


time to the greateſt of theſe two Stars. 


From the 16th unto the 27th, it appeared of different Magnitudes, be- 


ing ſometimes cqual to the biggeſt of theſe two Stars, ſometimes equal 


to the leaſt, and now and then between both. 


— 


But the 27th and 28th, it was become as big as the Star in the Saus 
Beat. | 


The zoth, it appeared a little clearer; and the firſt ſix Days in May 


1t was greater. 


The 15th of May, it was ſeen ſmaller than the ſame Star. 
The 16th, it was in Bigneſs between the two Stars that are below in 
Lyra: And ever ſince ſhe hath ſtill diminiſhed. 


Thus this Star hath been twice in her greateſt Splendor; firſt on the 


4th of April, and the ſecond time in the Beginning of May. 


Hiſce te inviſere volui, quo vos de Obſervatione quadam notatu digna 
certiores facerem, mentemque ſimul meam ea de re yobis exponerem: De 
Nova; viz. illa Fixa 3 Mag. fere, Circa & Infra Caput Cygni, inter informes 
conſpicua, cujus Longitudo 19 g2! 26 zz & Latitudo 47 25 22". Bor. 
modo exiſtit; ut Obſervationes, Die 25 Julii, Anno 1670. à me habitæ, 


luculenter oſtendunt. Novam autem Stellam hanc ipſam omnino eſſe, 


& in Cœlo ad Ann. 1660. penitus incopſpicuam fuiſſe, non eſt quod quiſ- 
quam dubitet. Accidit enim, ut Annis 1659, 1669, & 1661, pleraſque Stellas 
illas omnes, in Aſteriſmo Cygni apparentes, ſumma diligentia, debitis Orga- 
nis dimenſus fuerim, atque ita omnes illas, ctiam circa Collum & Caput 

Vol.. I. K k De- 


ByM, Hevelius- 
N. 65. p. 2087. 


"Sa © 

Om 

Deprehenſibiles notaverim, carumque Diſtantias a diverſis Fixis ceperim z 
nullam autem Stellam 3 Mag. eo loco ubi jam dicta Nova notatur, tum de- 
prehendi; quam tamen optime, fi adfuiſſet, conſpexiſſem; fic ut primo 
hinc Certus ſim, Ann. 1660, & 1661. hanc Stellam nondum extitiſſe viſi- 
bilem. Deinde clare etiam patet ex Bayeri Uranometria, hanc modo dictam 
NVovam Stellam neque Ann. 1603. apparuiſſe, & per conſequens neque Ty- 
choni, multo minus Hipparcho. Si quidem & Bayerus Fixam tantæ Magnitu- 
dinis deprehendiſſet, cum haud procul ab illa aliam 6 Mag. depinxerit: prout 
in Aſteriſmo ejus Cygui videre eſt. At, inquies, forte ea ipſa eſt, quam tu 
Novan dicis; quippe cum Bayerus Congruis Organis Stellas illas haud Obſer- 
vaverit, fieri facile potuit, ut à vero ejus loco ad Gradum, vel paulo plus, 
aberraverit. Sed, crede, id! factum non eſt, quandoquidem Stella illa Parvula 


adhuc eodem loco, ubi Bayerus fere eam 8 ra commoratur, nec Major 


eſt Stella 6 Mag. ut codem tempore ei videbatur. Diſtat enim, ut ipſemet 
nuper deprehendi, ab Ore Pegaſi 32 39! o. Dextro Genu Pegaſi 399 23 
47“ hinc provenit ejus Long. 00? 06! 28. „ & Lat. 46 11 14“ Bor. 
ad Annum ſcilicet Currentem 1670. Complet. Julio. At Nova Elonga- 
tur ab Ore Pegaſt 32 31! 25 & à Dextro Genu Pegaſi 3828“ 50% 


ex quibus Diſtantiis Long. 1* 52 26“ & & Lat. 47 257 22“ Bor. E- 


licitur. Adeo ut hæc Nova plane fit diverſa ab illa 6 Mag. a Bayero no- 
tara: (quanquam ha duæ nondum ad duos gradus ab invicem removentur.,) 
Atque ex Dictis manifeſtum fit, hanc Novam nec Ann. 1603. nec Ann. 
1670. inter cæteras emicuiſſe Stellas. . . 

Cum primitus a me obſervabatur, quoad Magnitudinem & Splendorem, 
Stellz in Pectore Aquilæ æquabatur, niſi quod aliquanto Obtuſioris fuerit Lu- 
minis z quo ad Situm, reſpectu reliquarum Stellarum, in Linea Recta cum 
illa in Ancone Alæ Superioris C)ygui, & illa in Humero Aquilæ, nec non cum 
Lucida Tyre, & illa in Rhombo Delphini, Mediarum Borcaliori conſiſtebat. 
Triangulum vero A.quilaterum cum illa in Capite & Roſtro Cygni conſtituebat. 


N. 66. b. 2028. Mirum vero in modum M. Seht. decrevit, adeo ut 14 Oct. nulla ratione am- 


N. 132. P. 855. plius Sectante obſervari a me potuerit; licet omnem adhibuerim diligentiam. 

N. 73. b. 219% Anm. 1671. Apr. 29. Denuo Obſervavi. Excedit illam in Rofiro Cygni, nec 

N. 134. 7. $56. non eam qu eſt in Ancone Inferioris Alæ Cygni, fereque illi qua eſt in Pe- 
Ctore Cꝝgai æquatur, niſi quod Lumine paulo Obtuſori & Rubicundiori modo 
Luceat. Qua vero Die primum 1 illuxerit, affirmare adeo certo non 
poſſum. Certus interim ſum, ad Menſ. Dec. Jan. imo Feb. haud Conſpicuam 
fuiffe. Etenim poſt 14 OZ. quo videri deſiit, memini me eam ſæpius quæeſi- 
viſſe eo in Loco, ſed nuſquam Apparuiſſe. Id circo quantum colligere datur, 
vix ante inttium Afar. = fine dubio adhuc tardius, iterum Prodiit. Apr. 30. 
eam a Reliquis quibuſdam Fixis ſum dimenſus. Diſtat i Cauda Cg 2c 
ſo! 20“ ab Ancone Alæ Superioris Cygni, 17 47! 50; a Capite vero 
Serpentarii 34® 19' 400; fic ut eodem plane Loco adhuc perſiſtat, ubi an- 

tea ſuerat. : . 

N. 134. /. 836. Adaii 17. Aliquanto Minor videbatur Roftro Cygni, & illa in Humero 
Agullæ, tum etiam Lumine Obtuſior; Major tamen illa in Cuſpide Sa— 
gute, & Xqualis fere illi Seq; in Jugo Lyre. 

| | | I AZ: 27 
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 Maii 27. Minor videbatur quam Die 29 Apr. qua primum viſa fuit; fic ut 
decreſcere videretur. Minor jam erat Roſtro Cygn;, nec non illa in Ancone 
Alæ Auſtr. etiam Minor illis in Jugo Lyre, & Humero Agquile; vix Major 

paruit Minor duarum in Pede Cg, & illa in Pectore Aquilæ. 

Jun. 26. Minor apparuit illa in Collo Cy gui; ſicut notabiliter decre- 
verit. 
Jul. 3. Minor fere illa in Collo Cg; & 18, vix Stellis 7 Mag. &- 


quiparari videbatur. 5 


Ang. 2. Vis 6 Magn. apparuit, imo Minor quam reliquæ omnts circa Ca- 
put & Collum Cygzi exiſtentes; per intervalla tantummodo micabat. 

Sept. 11. Haud amplius conſpeceecaa. 

Aun. 1672. Mar. 6. I obſerv'd it again; but it can hardly be ſeen with N. 81. f. 4013. 
the naked Eye. 

Mar. 29. Vix 6 Magn. apparuit; a quo tempore neutiquam amplius N. 134. 7. 857, 
(viz. ad Ann. 1677.) in Conſpectum venit, utut ſepius illam diligenter “““ 
Quæſiverim. | . 

J. Ann. 1667. in Jan. The Nebnloſa in Andromeda's Girdle (which may Toe 
well enough be ſeen by the bare Eye) appeared much obſcurer than the Year Andromedajby 
before. In the Months of February and March I did not fee it. N _ e 

6. 1. Ann. 1667. Jan. 20. The New Star in the Neck of the Vale, Th: Now ras tn 
did approach to the Bigneſs of a Star of the Sixth Magnitude, and grew Collo 8 by 
bigger afterwards. SE e 
Feb. 12. I faw it at leaſt of the Fourth Magnitude. 

Feb. 24. It was equal to the Stars of the Third Magnitude, ſhining. 
very bright. wh „ 

Feb. 26. and 27. It appeared yet to increaſe. | 

2. Ann. 1667. In the Beginning of January this Star did not appear. N. Hevelius. 

Jan. 23. I found a little Star of the Sixth or Seventh Magnitude about N. 220 APs 
the fame Place where the ſaid New Star uſes to appear. But it then ſeemed ati; 
to me not the genuine New tar, but another; to wit, preceding the New, 


. whoſe Longitude in Ann. 1660. was defined by me, Y z5* 43! 3, and the 


Latitude 149 41! 32!/. 1 
Feb. 2. It appeared very bright, and that, when the Moon ſhone, of the 


| Bigneſs of that in the Mouth of the MWhale, or Nodo Lin, from which time 


I always obſerv'd it to grow bigger. 
Mar. 13. I did ſtill find it extremely bright, but could not by my naked 
Eye, becaule of the vivid Crepuſcle, and the low Sight of the Star, accu- 
rately determine its Magnitude ER nar 
Ann. 1668. Octob. 26. Nova in Collo Ceti primum viſa; ſed inſtar minu- N. 137 f. 855. 
tiſſimæ Stellulæ. 1 3 ; 
Nov. 7. Nova in Collo Ceri Mediam fere in ore æquabat. 
- Ann. 1669. Jan. 28. Minor erat illa in Ore. 
Sept. 26. Inſtar. 6 Magn. apparuit. 
Ott. 16. Illa in Ore Major erat, & Clarior. 
Oc. 27. Lucidam Mandib. æquabiit. 
Nov. 19. Major illa in Ore & Minor Mandib, © 5 
5 1 Ann. 1670. 


(252). 
Anno 1670. Aug. 27. Maximo gaudebat Lumine, æqualis fere Stellis 
2 Mag. Mandib. Ceti. 
: Sept. 3. Admodum Fulgida extitit; & 8, æqualis Mandi. Cen. 

N. 66. p. 2028. Ad medium uſque Menſis Oct. Mandib. Ceti æqualis fere extitit Magnitu- 
dine, & Claritate eam propemodum ſuperavit; adeo ut hoc Anno ſecundæ 
fuerit Magn. ac Major quam præcedentibus Annis, excepto Anno 1660. quo 
Major etiam Mandibula Ceti à me fuit deprehenſa. Aliis temporibus non me- 

mini eam tertiæ Magnitudinis Stellas ſuperaſſe. Certum igitur eſt, ipſam non 


eaudem ſemper pra ſe ferre Magnitudinem nec Claritatem, utut in max- 
imo ſuo exiſtat Incremento. 


N. 134. 7.836. Dec. J. Adeo decreverat, ut vis Stellæ 6 Magn. zquaretur. | 


Anno 1671. Aug. 14. Æquabatur Stellæ ad Cenam, imo fere Major paulo 
videbatur. 


Sept. 12. Æquabatur illi in Ore 4. Magn. 3 | 
Oct. 30. Vix 6 Magn. apparuit. 
Nov. 3. Non amplius apparuit. 
Anno 1672. Aug. 9. Clariſfimis fulgebat Radiis, Major erat lla in Orr, 
& Minor Mandibula. 
Sept. 17. Minor illa ad Genam, vix 4 imo. 5 Magn. & 25. vix 6 Magn. 
is, 5. 354. A Menſe circiter Octob. ad Decemb. 2 3. Anno 1676. ne ſemel quidem 
Prodiiſſe, utut ſemper omni ſtudio Vigiles Oculos ad eam, quoties Obſerva- 
0 tionibus operam ſerenis noctibus dedi, direxerim. 
| bid. p. 858, Anno 1676. Dec. 10. Bene memini me Novam hane in Collo Ceti haud vi- 
| diſſe, licet ea in Cœli parte plurimas Stellulas obſervaverim. 
i Dec. 23. Novam hanc in Collo Ceti Cœlo admodum ſereno clariſſime vidt- 
mus; & quidem tanta Claritate & Magnitudine fulgentem, ut Mandibulam 
Ceti non ſolum æquaret, ſed Magnitudine & Charitate vinceret. 
Dec. 31. Fere Major Mandib. h. e. 2 Magn. u 
Anno 1677. Jan. 1. Clariſſime rurſus Affulgebat, Major fere Mandib. Ceri, 
ajor quoque quam extrema Ale & Marcab. Pegaſi, Colore & Lumine fere 
pins Mandib. Memini tamen me olim oblervaſſe, quando Secunda: exiſte⸗ 
bat Magnitud. * paulo Albicantiorem & Splendidiorem. 
phil Cott, Anno 1681. Aug. 18. Nova Stella in Collo Ceti, hac nocte, Luna fi 
N . f. 162. Plena & Splendente, major erat ca in Ore Ceti, ſed nondum nn Lu- 
. eidam Mandibule. 
&y M. Caffivi. 3. Anno 1676. Mar. Inſpecta mihi eſt Stella Nova in Ore Ceri; quæ An- 
N. 123. 7. 365. NOS aliquot latuit, Solaribus Radiis tempore Maximæ F ulſionis immerſa; 5 
nunc vero Stellas 3 Mag. facile ſuperat. 
8 Mr. Flam- 


EL 4. Novuam in Pectore Ceti ſxpius ante Octo Menſes vidi, nec : Minorem 
ee | 
T4. innuit Cl. Caſſinus. 


A Niw Stor in 7. March 10. 1668. Not far from the Star in Eridanus, 2 1 8 1s WY 
e the 14th by Bayerus, there appeared a Star equal to the brighteft of the 4.th 
N. 35. 7.633, Magnitude, almoſt in the fame Place where was obſerved the Comet of Au. 
1664. Dec. 1 . which Star was not then ſeen, nor at other times elſewhere, 
nor is deſcribed in any Catalogue, on any Globe or Map, that ] can learn; 


which therefore I deem to be a New one, that is, of New Appearance. 
e 8. The 
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facit ſemi- ſummam A 8, Diſtantiam Planetæ Maximam. 


(6253 
8. The Comet, Anno 1672. had (on the iſt of April, N. F.) paſſed 47 New Sher in 


beyond the moſt Northern Star of the Head of Taurus, and was diſtant pL 


43' from the Star that was neareſt to that towards the South. M. Caſſini N. 82. 


having conſider'd theſe two Stars, obſerved that the Second is not leſs bright 
than the Firſt, and yet that Bayerus hath not mark'd it; and that at firſt ſight 
it ſeems that Tycho hath left it out in his Catalogue: For he puts four Stars 


in the Place he calls i» Quadrilatero Cervicis; and he ſpeaks not of this, which 


is the fifth, and maketh, with the other four, an irregular Pentagon. This 


p. 4046. 


Omiſſion of Bayeras, and the Denomination which Tycho uſeth to denote theſe 


Stars, which ſuits not with the Number nor the Configuration that now ap- 


pears, do adminiſter Cauſe to doubt whether the Star in queſtion be not one 
of thoſe that appear from Time to Time. 


XVI. 1. Supponit Cl. Caſinus, ad Planetam in Ellipſi moventem ex- 
tendi ab utroque Foco duas Rectas, quarum altera ſit Medii, altera autem 


L eſt Centrum Concentrici ABCDE.|B I eft Perpendicularis ad RH G. 


BL D eſt Diameter. = [ eſt Centrum Ellipſeos. rs 
BA, BC, BP, ſunt Intervalla Appa-]L I eſt Excentricitatis. | 
rentia:i: _ IO = LI. 


DE, DF, DQ, ſunt Intervalla Me- O eſt Focus, circa quem ordinatur 
Medius motus; L, circa quem 


diorum Motuum. 
BE, B F, B Q; item D A, D C, Verus. 
D P, ſunt Lincæ Rectæ. IM INS LB. 
BE ſecat DA in H; BF ſecat DCI M, eſt Apogeon; N, Perigeon ; 
in G; B Q ſecat DP in R. | BLM, Anomalia Vera. | 
RH G eſt Linea Recta. E e e 9 


To find the A- 
phelia of the 
Planets die ; 


by M. Caſſini. 


Conſidered, by | 
Mr. Nic. Mer- 
cator. 

N. 57. p. 1168. 
Mar. An. 1670. 


Fig. 117, 


Demonſtratio 1. Iuſtriſſimus ac Reverendiſſ. Cethus I/ardus, Epiſcopus Sa- 


risburienſis, in Examine Aſtronomiæ Philolaicæ, docuit Methodum, ex data 
Anomalia Media Planetarum, inveſtigandi Veram; quæ eſt hujuſmodi. 


C, eſt Centrum Ellipſcos A:E P: F, focus circa quem ordinatur Medius 
Motus. 8, focus circa quem ordinatur Verus Motus. A, Apogeon. P, 


Perigeon. E, Erro five Plancta- AF E, Anomalia Media. ASE, Ano- 
malia Vera. FE. T, Linea Recta; ET = SE. ST, eſt Linea Recta-. 
In Triangulo 8 FT, dantur, 1. SF, diſtantia focorum: 2. FT F E. 


Fig. 118. 


+ ESS AP. 3. AF T, Angulus Externps, five Anomalia Media, æqualis 
Summæ Angulorum, FS & T. Ergo inveniri poteſt FS E, five Anoma- 


ia Vera, æqualis Differentiæ Angulorum, FST &. T. Nimirum, - - - 
Ur ſenii- ſumma Laterum FT F S, ad ſemi-differentiam ebrundem; Ita 


Tangent ſemicſummæ Angulorum FS T T, ad Langentem ſex-differentie 


euriudem. 


Sed ſemi- ſumma laterum FT & Fs invenitur, ſubſtiruendo pro FT 
qualem A P, cujus Semis eſt A C, qui additus C 8, ſemiſſi ipſius F &, 


Tum 


Fig. 119. 


( 254 ) 
Tum ſi ex ſemi- ſumma A'S, auferatur Latus Minus F 8, beſtat ſemi- 
differentia Laterum F A, _ zqualis PS, diſtantiæ Planetæ minim: ut ſi 
Regula ex Anomalia Media data inveniendi veram. 
/t A'S, Diſtantia Planetæ Maxima, ad P 8, Diſß antian Ahnen Ita 
7; angens dimidia Anomaliæ Mediæ, ad Ti en dimidiæ nana Pere. 


Corollar. r. Si continuetur 8 E uſque ad V, ita E V G t = iph FE, & 


tota S V = Axi AP, erit Trianguli, FS V, Angulus V, Semis Proftha- 


phæreſeos F E 8, ideoque æqualis Semi- differentixæ Angulorum Anomaliæ 
Mediæ & Veræ, h. e. 19 AF E, & AS E; & Externus A F V. = Se- 
mi- ſummæ eorundem, A FE & ASE, Angulorum, ablara ſcil. Semi- dif- 
ferentia, VF E, ex Majori A F E; unde oriuntur duæ Analogiæ, 


1 Ut Sinus ſtmi-f umme Auomaliæ Mediæ & Vere, AF V, ad Sinum [c- 
mi-differentie eorundem V; ta 9 Vs (= ul nee A Þ) ad 8 F, Di- 
ſtantiam Focorum. 

2. Ut Sinus ſemi- ſummæ e Male & Fe ere A F V, ad Sinum A- 
nomaliæ Vere, FS V, ita SV, (val Axis AP) ad FV, fubtenſam Anomaliæe 
Pere: Ita quogue Semiaxis, A C, ad ſemi-ſubtenſam VN, vel FX. 

Corollar. 2. Si in eodem Tr iangulo, FSV, ex ſubtenſæ, F V, Puncto 


medio X, erigatur Perpendicularis X E; ſecabit illa 8 V in duas partes, 
quarum altera VE = eft ance» 8 Motus F E, altera vero 8 E + Cl 


ipla linea Veri Motus. 


, *\ 
FE k 


2. Sit a Centrum Concentrici ch Fi. le q b, oft Angles dimidie Amomallx 
9% Diameter, cadermqua Linea |  Verx, & {1 - + 


dum. d c i, Angulus dimidie Anomalie 
ch, Arcus Anomaliæ Vera, cui re- Mediz. f I 5.1 ll 0 11 5 
ſponder, ci, & A h, ſunt Lineæ Rectæ, — 


d i, Arcus Anomaliæ Medig. Itaque tes fe mutuo in 8. 5 


Ab Incerſe&tionis puncto g fy demittatur ad ed, Peapendiculdtis: 46, Frit igirut 
abu db: hg :: Radius Tang, bd g, vel «dh. . 115 
Fe Ex cb; : Radius: Tang. g Wwe 4 e eb 
Ergo d Vang. bh 92 * Rad. = gh Tang. 4ic ũ . 
Quare — cb; ; Tang. dei: Tang. c H hoc eſt, 4% erit ad TY at 
'Fangens' dimidiæ Anomalie Media adTangentem dimidiz AnomalizVetz ; ; 


ge (per Regulam ſupra expoſitath) dit diſtantia Planet Maxima, ad f 
diſtantiam Minimam. Qua amobrem dA e krit AER Planetæ Maximz; 


& cb, Minima;'& 4Þ,. Excentrigitathc;s: * $0596 vevpu % 
Cumque idem eodem modo Demonſtfetur de oxteris. vmnibus Interſetti- 
onum. Punctis, nimirum Perpendiculares -abi ipſis ad c Lineam incidere 1h 
Punctum 4; oportet, ut Recta, Jungens ipſas Interſectiones, r Fer- 
4 5 1 TH dot. 15 ri © 4 5-013} 4 triton. net fcn 3 ref A . 
20 F r remain 
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( 283 ) 


3. Ducta Diametro þak, fiat Arcus ( = ji 4, & ducantur &, & b 7, 
Secantes ſe mutuo in p. Ab h, in bg /, demitratur Perpendicularis, 4 +, 
cademque Parallela Apſidum Lineæ 4d; erit Angulus r þ 5, Semi-differentia 
Arcuum Anomaliæ Veræ ch, & mediæ di. Tum ab eodem / Puncto du- 
catur Recta H E, faciens cum , Angulum = Angulo r þ 5, & occurrens 
Lineæ Apſidum in 8&, erit Trianguli 4 f %, Angulus E a h, Menſura Arcus 


\ 


ch, five Anomaliæ Veræ, & g h a, ſemi-differentia Anomaliæ Veræ & Media 


(ex Conſtructione); & Externus c, (xqualis duobus Internis & Oppoſitis 


ga h, & 8ha, adeoque compoſitus ex Anqmalia Vera & ſemi-differentia ejus 
a Media) erit Am ans Anomaliæ Veræ & Mediæ. Ergo per Carollarii 
primi Analogiam priorem; Ut. fnus c & h, ai ſinum 3 h a; Ita Radius a h, 
ad Excentricitatem a 6. Sed ſupra Demonſtravimus quoque a þ xqualem 


Excentricitati. Ergo Punctum & congruit Puncto 6. 


Tum ex h excitetur ipſi Y, Perpendicularis b 7 ; Aio, hanc continuatam 
Incidere in Punctum Interſectionis p. Nam Triangula, 1% g, & Y, ſunt 
Similia, ex Conſtructione; quemadmodum & FTriangulum / &, ſimile ell 
Triangulo + g z, cum eidem Peripheriæ c inſiſtentes Angulip&/, & g, 
ſine æquales, nec non æqualibus Peripheriis & /, & id, inſiſtentes Anguli 
25 „, & ghz, xquales; quare & Tertius þ , aqualis eſt Tertio þ g z. 

t ex æqualibus p, & gi, ablatis æqualibus %, & rh s, reſtant 
æquales p % b, & ghr, Unde ſic Arguo; 5 rh b, & rhs =bht; 
Ergo hsr =htb, ergo & Complementa horum ad Semicirculum ſunt qua- 
lia, nimirum 75; = t, R&S = I; Ergo & igs pft, quibus 
ablatis ex æqualibus 3g h, & kph, reſtat hbgs = pt; & ghy = phbz 
Ergo & brg = hbp. Scd hg eſt Rectus, Ergo & hb p Rectus eſt: 


Cum vero & ht Reclus fit, ex Conſtructione, erit 7 inde Rectum ipſi 


bp. Cumque idem eodem modo Demonſtretur de quavis alia Interſectione 
linearum ab , & &, ad Congruentia Anomaliæ Veræ & Mediæ Puncta 


ductarum; patet, non modo Rectam, jungentem Interſectiones, tranſituram 


per þ punctum ; ſed & þ b, lineam perpendicularem fore ad candem Jungen- 
tem. Q. E. D. 1 | . 

Corollarium. Si a quovis puncto Anomaliæ Vere, puta 4, ad reſpondens 
punctum Anomaliz Mediæ 2, ducatur Recta Y, excitata & Centro Excen- 
trici h, ipſi c hd, Perpendicularis 6 f, ſecabit iptam Yi in , ea ratione quam 
linea Medii Motus obtinet ad lineam Veri Motus. 5 | | 

Nam per Corollarii Primi Analogiam Poſteriorem, h b eſt Semi- ſubtenſa; 
ergo per Coroll. 2. Perpendicularis erecta ex b, nimirum 57, ſecat Diamc- 
trum + , in t, ea ratione quam linea Medii Motus obtinet ad lineam Vert 
Motus. Ergo & rs, (live /) tecat H lincam cadem ratione in s; pro- 
pter Demonftratam modo Figurarum 76» kpbb, & s5r 10h #, Similitu— 
diner. 14325 3 

Ceterum ex laudata ſuperius Reverendiff. Mardi Methodo inveniendi pri- 
mam ina: qualitatem, non cit difficile, alium adhuc modum inveſtigandi A- | 
pogea & Excentricitates, non minus Diedum & Geometricum, & Obfer— 
vationes quotvis dmittentem, producere; quem & paucis exponam, Plurcs 
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Fig. 120. 


modos invenient Aftrophili in Reverendiſſ. Viri AMironomia Geometrica, ad 


mutuo interſecabunt in 4. Poſſunt igitur & hac Methodo inveniri Apogea 


( 256 ) 


quam eos remitto, Interim 33 Cs nth 

Sint I & a, duo Foci Ellipſeos; 7 & u, duo Puncta Veri Motus Planetx 
Arcus Ellipſeos t u, ex ſpectatur ſub 5e tIu, & ex d, ſub Angulo 
td u; item Diſtantia Focorum Id, ex 7 ſpectatur ſub Angulo 471, & ex u, 


N 


ſiſb Angulo du: Aio differentiam Angulorum ? 1 u, 7 du, æqualem eſie 


differentiæ Angulorum 4z 1, & d al. 5 

Cum enim Trianguli, J x, tres Anguli ſimul ſumpti æquales ſint Trian- 
guli, 4 7 x, tribus Angulis ſimul ſumptis; ſi auferantur utrinque æquales 
[x u, & d x t, reliquorum duorum ſumma, 21 q + lux, erit = ſumma 
reliquorum t d x -- dt x3 & ab his æqualibus Summis f1 auferantur in- 
xquales, J. g. u] x, cx priori, & td x, ex poſteriori; reliquorum JA, & 
d t x, differentia = eſt differentiæ ablatorum 1 x, & d x; quod erat pro- 

oſitum. oats: 

Centro I, Intervallo Axis Tranſverſi , deſcribatur Circulus 4 % c, cujus 
Arcus 4 b, rurſus ex ] ſpectatur ſub Angulo a I, & ex d, ſub Angulo a 4 5, 
item diſtantia focorum Ja, ex a ſpectatur ſub Angulo 1a d, & ex b, ſub 
Angulo Id. Ergo rurſus differentia Angulorum a 1 h, & a4h, = eſt diffe- 
rentiæ Angulorum lad, & Id. Sed per Coroll. 1. Angulus / d Semis 
eſt Anguli Id, & Angulus J d, Semis Anguli /f d. Ergo horum Angu- 
lorum 144, & I d, differentia = eſt ſemi-differentiæ Angulorum 1 d, 


& I 4; ergo & Angulorum 4 1 b, & a d b, differentia eſt ſemi-differen- 
tiæ Angulorum 2 I t, & ud t, quorum prior eſt Intervallum, Apparens dua- 


rum Obſer vationum, poſterior autem, Intervallum Motus Medii. Data 
igitur horum intervallorum differentia, datur quoque hujus (differentiæ 


Semis, nimirum, differentia Angulorum 41 b, & adb. Sed a l b, idem elt 


cum # 17, dato; ergo datur quoque a þ d, Angulus, ſub quo Peripheria a 5, 


ſpectatur ex dc. 


Simili modo oſtendetur, differentiam Angulorum 19%, & rt Ad, xqualem 
eſſe dummæ Angulorum Ir d, & 1 y d; nec non differentiam Angulorum þ1c, 
& b dc = eſſe Summæ Angulorum Ib d, & 1c d. Cumque 19 ſemis fit 
ipſius It d, & 1 c &, ſemis ipſius I) d; erit ſane Summa ipſorum 16, & Ic d, 
ſemi-· ſummæ Angulorum /z d, & ly d; hoc eſt, differentia Angulorum 


blc, & bd, = erit ſemi: differentiæ Angulorum f / y, & td y, quorum 


prior eſt Intervallum Apparens duarum Obſervationum, poſterior autem, In- 
tervallum Motus Medii. Quare, data horum Intervallorum differentia, datur 


quoque hujus Semis, nimirum, differentia Angulorum 6 ] c, & bd c. Sed ble, 
idem eſt cum 7 / y, dato; ergo darur quoque h dc, Angulus, ſub quo Peri- 


pheria ᷣ c, ſpectatur ex d. 
Unde liquet, & datis Intervallis Obſervationum Mediis & Apparentibus, 


dari Angulos, ſub quibus ex 4 ſpectantur Circuli, a h c, Peripheriæ quotvis, 


interceptæ a lineis Veri Motus. Ergo per Berigeni Theor. Plan. lib. 1. cap. . 
Prop. 1 2. S:hol. 1. totidem Circuli Segmenta deſcribi poſſunt, capacia An- 
gulorum ſub quibus iſti Arcus conſpieiuntur ex d, quæ ſegmenta omnia ſe 


& 
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3 6 
& Excentricitates Planetarum, delineatione Geometrica, adhibitis Obſervati- 
onibus quotvis; nec difficilius eſt, Circulos ducere, quam Lineas Rectas. 

Sed ut demus id, quod verum eſt, Clariſſimi Caſſini delineationem Geome- 
tricam nonnihil expeditiorem eſſe; verendum eſt interim ne, fi axpicauay A- 
ſtronomis expetitam ſectemur, Diagrammata requirat enormis Magnitudinis, 
adeoque operoſior evadat, quam ipſe Calculus. Ad hunc autem accedentes, 
utramque methodum æquipollere deprehendemus. Ne quis vero Apogei & 
Excentricitatis utraque methodo inventæ à vero diſcrepantiam cenſeat errori 
Calculi imputandam; reſtat ut Hypotheſin Excutiamus. 

Et Ellipticæ quidem Orbitz inventio, fine controverſia, Keplero debetur; 
ſed quibus Accelerationis & Retardationis gradibus incedant Planetæ, definire, 
non minus pertinet ad integrandam Hypotheſin, quam ipſius Orbitæ deter- 
minatio. Quanquam autem ex Cl. Caſſini (vel Interpretis ejus) ſermone id 
nuſquam apparet; attamen ex Conſtructione Problematis, & ejus Analyſi, 
manifeſtum eſt, eum ſupponere, Planetam ex Foco ſuperiori videri prorſus 
æquabili motu incedere. Fuit ſane, cum idem exiſtimaret Keplerus, quod 
ejus ſcripta evolventibus liquere poteſt. Sed cum id Obſervationibus nequa- 
quam Congruere animadverteret, mutavit ſententiam, & lineam veri motus 
Planet æ æqualibus temporibus æquales Areas Ellipticas verrere profeſſus eſt: 
Punctum autem, ex quo Planeta exacte æquabili Motu procedere videtur, 
nullum omnino extare in hoc Univerſo, niſi id libratile ſtatuere libeat: Nulli 
interim puncto propius æquabilem videri inceſſum Planetæ, quam ipſi Foco 

ſuperiori Ellipſeos. Neque inventus fuit hactenus, qui Areas Kepleri Phæno— 
menis ſatisfacere poſſe negaret; ſed cum eas Calculo directo exhibere nec 
ipſe, nec poſt eum quiſquam potuerit, cauſati ſunt nonnulli Keplerum, nimis 
indulgentem cauſis Phyſicis, a Geometria diverſum abiiſſe; quaſi cauſa Phy- 
ſi c repugnent Geometri, aut minus Geometricum ſit Problema; quod, 
nulla injecta Phyſicarum Cauſarum mentione, ſic proponitur: Data Area 
Tyilinei, inter Lincas Apſidum, & veri Motus, nec non Peripheriam Ellipticam 
intercepti, invenire Angulum ad Solem. Habent igitur a Keplero reſponſum, qui 
illi exoudauay objiciunt; nim. Eant ipſi & Schema ſolvant. | 

Quamvis autem Religio fuerit Keplero, ab Hypotheſi, quam naturalem eſſe 
plane perſuaſum habeat, recedere; quidni liberum foret aliis periculum fa- 
cere, num via quævis alia detur, inæqualitatem Planetarum Primam directo 
Calculo inveſtigandi? Ideoque Vir Cl. Jin. Bullialdus aggreſſus eſt Ratio- 
cinio Geometrico indagare, qua ſemita, & quibus intenſionis ac remiſſionis 
gradibus conveniret Planetas ferri, ut ab æquabili inceſſus Norma, Aſtro- 
nomis ante Keplerum aſſumpta, ad eam quam ſpectamus Inæqualitatem per- 
duceremur. Perennant Illuſt. Viri monumenta, unde omnem hujus Inventi 
rationem haurire licet Aſtrophilis. Amplexus eandem Reverendiſſ. Seth. Wardus, 
primum oſtendit, paria facere cum linea æquabilis Motus circa alterum El- 
lipſeos Umbilicum gyrata; deinde & Calculi Directi methodo ornavit ca, 
quam paulo ante recitavimus: Ita ut nihil amplius deſiderari poſſet, quam ut 
Urania felicibus Cœptis annueret. Cujus quidem Nomine ſuſcipere auſus 
fuit IIluſtriſſ. Comes Paganus, edito biennio polt ejuſdem fere tenoris ſcripto, 
Vot. I. | E adeo 


| By Mr. Edm. 
Halley, 


Aug. An. 1676 


adeo veram eſſe Hypotheſin, ut deprehenſam circa Oftantes diſcrepantiam, 
Aſtronomorum Inſcitiæ tributam mallet. At Cl. Bullialdus, audiendam po- 
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tius ipſam Aſtronomiam ratus, Obſervatorum ore loquentem, ſecundis Curis, 
adhibita prioribus Inventis Limitatione quadam, diſcrepantiam illam extermi- 
navit. Unde porro intelligitur, Hypotheſin illam, cui Cl. Caſſinus Inveſti- 
gationem Apogeorum & Excentricitatum ſuperſtruit, tantundem fere deficere 
a vero, quantum Cl. Bullialdi Limitatio pollet, atque ab illo defectu pullulare 
Calculi a Cœlo diſſenſum. oh 
2. Motus Terræ Annuus per Eclipticam, Opticam Inæqualitatem inducit 
otibus cæterorum planetarum; Aſtronomis Copernicanis nomine Parallaxeos 


N. 128. p. 683. rbis notiſſimam; quam quidem inæqualitatem, ex Obſervationibus non 


Fig. 121, 


multa opera datam, Methodi ſequentis baſin firmiſſimam conſtituo z ubi præ- 
ter Obſervata nihil aliud ſupponitur, quam quod Orbes Planetarum ſint El- 
lipſes, quodque Sol in Foco, omnium Orbibus communi, ſit conſtitutus; & 
denique quod Tempora Periodica ſingulorum ita innoteſcant, ut non ſentiatur 
error aliquis, ſaltem in duabus vel tribus Revolutionibus: His Conceſſis, 
_ Terræ, pro cæteris Planetis neceſſario requiſitus, primo aggredien- 
us eſt. 5 | = 

Sit 8, Sol; AB CD E, orbis Terræ; P. Planeta Mars, (qui in hanc 

rem plurimis de cauſis longe præferendus eſt;) & primo obſerverur Verum 


Tempus & Locus, quo Mars opponitur Soli; Tunc enim Sol & Terra coin- 


cidunt in Lineam Rectam cum Marte; vel (quod fere ſemper accidit ſi 
habuerit Latitudinem,) cum puncto, ubi perpendicularis a Marte demiſſa in 
planum Eclipticæ incidit. Sic in Schemate, 8, A, & P, ſunt in Linea Recta; 
deinde poſt 687 dies, Mars revertitur ad idem punctum P, ubi in priori 
Obſervatione Soli opponebatur; Terra vero cum non revertatur ad A, niſi 
pet 730, dies, in B, Solem reſpicit in Linea 8S B, Martem vero in Linea 
BP; & Obſervatis Longitudinibus Solis & Martis, omnes Anguli Trianguli, 


PBS, dantur; & ſuppoſita PS 100000, in iiſdem partibus invenitur Longi- 


tudo Lineæ SB. Pari ratione poſt alteram Martis Periodum, Terra exiſten- 
te in C, invenitur Linea SC, nec abſimiliter Lineæ SD, SE, SF; differen- 


tizque Obſervatorum Locorum Solis, ſunt Anguli ad Solem ASB, BSC, 


CS D, DS E: Sic tandem ventum eſt ad hoc Problema Geometricum ; 


Datis tribus lineis, in uno Ellipſeos Foco coeuntibus, tam Longitudine quam poſi- 


tione, invenire Longitudinem Tranſverſa Diametri, cum Diſtantia Focorum : Cu— 
jus Reſolutio extenditur etiam ad Reliquos Planetas, fi poſt Theoriam Mo- 
tus Terre 2 ſcrutemur (ſecundum Methodum propoſitam a Reve- 
verendiſſ. Epiſcopo Sarisburienſi, in Aſtronomia ejus Geometrica, Lib. 2. Part. 2. 


Cap. y.) tres Diſtantias Planetæ alicujus a Sole in poſitionibus ſais. Quo- 


niam vero Rev. Epiſcopus ſupponit Planetam ita ferri in Orbe ſuo, ut æqua- 
libus temporibus æquales Angulos ad Focum alterum Ellipſeos abſolvat, & ei 
Calculum ſuum ſuperſtruit, non incongruum videtur, oſtendere, quomodo 


id ipſum fieri poſſet abſque iſta ſuppoſitione, quam Obſervatio nos rejiciendam 
monet. 1 | by 


Sit Sz 


. Wool * e 


ö ? ſeos. . | 
. Sit 8, Sol, & S A, SB, SC, tres Diſtantiæ in debita Poſitione; ductiſ- 
que AB, B C, fir AB Diſtantia Focorum ; ee & 8A — 8 

cribatur Linea iſta Hyper- 
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Sit 8, Sol; AL B K, Orbis Terræ; P. Planeta, vel punctum in Plano 
Eclipticæ, ubi Perpendicularis, a Planeta demiſſa, incidit; AB, Linea Apſi- 
dum Orbis Terr : Obſerventur primo Planetz, in P; Longitudo & Lati- 
rudo, ſimulque Sous Longitudo a Terra in K: & poſt Periodum ejuſdem 
Planetæ, Terra exiſtente in L, Obſerventur denuo poſitiones Planetæ, Soliſ- 
que, ut prius: jam ex Obſervatis Longitudinibus Solis & Aphelii Terræ, 
Anguli ASK, ASL, dantur, & conſequenter Latera, SK, S L. Jam 
in Triangulo KSL, dantur Laterea KS, LS, & Angulus KSL; quarun- 
tur Latus K L, & Anguli SKL, SLK: Deinde in Triangulo K LP, dan- 
tur KL, KP differentia Obſervatarum Longitudinum Planetæ, & PK L 


| Differentia Angulorum 8S KL, ultimo inventi, & S K P, Elongationis Pla- 
netæ a Sole in prima Obſervatione; quæritur LP: Tum in, Triangulo LSP, 


Latera LS, LP, & Angulus P LS, Elongatio Planetæ a ſole in ſecunda 


Obſervatione, dantur; Latus 8 P, & Angulus LS P, requiruntur; quibus 


inventis, ut SP ad LP, ita Tangens Latitudinis Obſervatæ ex L, ad Tan- 
gentem Inclinationis five Latitudinis ad Solem; & ut Co: ſinus Inclina- 
tionis ad Radium, ita 8 P, Curtata Diſtantia, ad Veram Diſtantiam Planetæ 
a Sole: Sic tandem invenimus Poſitionem & Longitudinem deſideratam. 
Jam reſtat ut oſtendam, quomodo ex Datis tribus Diſtantiis a Sole cum 
Angulis interceptis, invenienda ſit Media Diſtantia cum Excentricitate Ellip- 


= EH, Tranſverſa Diameter; quibus poſitis, de 
bolica, cujus Focus Interior eſt punctum A, extremitas Lineæ Longioris 


— SC =K Lz; ex quibus deſcribatur Linea Hyperbolica Focum habens In- 


teriorem in puncto B: Dico has duas Hyperbolas ſic deſcriptas ſeſe interſecare 
in puncto F, qui eſt alter Ellipſeos quæſitæ Focus zductaque Linea FA, FB, 


vel FC; SA + FA, SB + F B, vel SCG FC zquabitur Tranſveræ 
Diametro, & SF eſt Diſtantia Focorum: quibus poſitis, deſcriptio Ellipſeos 
* facillimaeſt. Cum vero hujus Conſtructionis ratio non omnibus ita facile 
percipiatur, non abs re erit, illuſtrationem ejus aliquam afferre; ideo dico, quod, 
ex notiſſima Ellipſeos proprietate, SB + FB =S A + FA; & tranſpoſitis 
Agquationis paribus, FB — FA = SA = SB; ita ut etiam, ſi FB & FA 


nos lateant, earum tamen differentia æqualis ſit S A — 8 B, hoc eſt, EH; 


cumque fit ex natura Hyperbolæ, ut habeat quaſvis duas lineas a ſuis Focis 


ad quodvis punctum in ſua Curva conſtanter Differentes quantitate Tranſverſæ 


Diametri; conſtat punctum F eſſe alicubi in Curva Hyperbolæ, cujus Dia- 


meter Tranſverſa æquatur S A — SB, & Foci, A, B. Pari modo Demon- 


ſtrari poteſt punum F eſſe in Hyperbola cujus Diameter eſt SB — SC, & 
Foci B, C. Ergo neceſſe eſt, ut fit in Interſectione duarum iſtarum Hyper- 

bolarum, quæ cum ſeſe interſecent in unico ſolum puncto, clare oſtendunt 
ubi ſit Focus alter Ellipſeos quæſitæ. | 
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Fig. 122. 


Fig. 123. 


8A: Pari modo ſint B, C, Foci Alterius Hyperbolæ, cujus Diameter SB 
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Jam ut id ipſum A t bedr, puta Factum, ſitque FB = ay 
Sa — 8B FB -F A=, ABS, SB—-SC =P C— FB =, 
BCD; ſitque Sinus Anguli ABC = 8, Co- ſinus ejuſdem = 5. 


n n ita 2 ee ee 
=BD, per 36. 3. Eucl. & ut f, ad d, ita 2 2 + d, ad . — 


& L ä = B G, per eandem; & ut minuatur 1 11 95 | 


2 7-- 
MEE =g, & 4 = þ, ſimiliter ſit E _— = kh, & 5 5 = 
tunc BD =g-+ ha, * BG =k—2a; & quoniam in omni * 
Obtuſangulo) ( Summæ 


Quadratum batis RO 
Acutangulo | Differentiæ 


Quadratorum Laterum, & Dupli Rectanguli Laterum in Co-Gnum Anguli 
comprehenſi ducti, erit gg + 2g ha HbA TEE 2 HILAÆIIaa 
2945 —2gl5sa + :kb;a—tb1: as xqualis qudrato DG: Sed 


D G "quali eſt Sinui Anguli D F G, vel DB G, in a, id eſt E B, ducto, 
(eſt enim Quadrilaterum FB D G, Circulo, cujus Diameter eſt F B, In- 


icriptum;) ideo SSaa=gg + 2 9 5 a + bhaa + kk — 2kla + Ila a 


+2gks —2glsa+2kbsa—2hlsaa; que xquatio facile reſolvi- 
tur, cum non excedat Quadraticam Aﬀectam, ſemperque componitur ex iftis 


Quadratis & Rectangulis; ſigna tamen + & — ob diverſam trium linearum 
conſtitutionem multa cautione ſunt Rectangulis adhibenda. 


The ag) of XVII. 5 Obliquitatem Zodiaci reperit Eeatabhanic ante Natum Chi Hum, 
ow 1 Ann. 230. Grad. 23. atque inſuper $1! 19! 31! 5“ 
vations of the Diſtantia enim Tropicorum ipſi fuit 3: Circuli Meridiani, five 47* $2. 
1 Ptol. Mey. Ew, p. 18. 21. Quare Aitons Eratoſthenica minor erat Ptolemaica 
Sept. An, 1684, tantum r unius Minuti Secundi, re ſane contemnenda. 
N. 163. 5. 11. Eratoſthenes apud Cleomedem, Ricciolo eruente, (ſupra Grad. 23 ) 46! o. 
| Eratoſthenes à Ricciolo quaſi correctus, 3115“. 
3 Hipparchus, (ante Chriſt. 1 40. ) Eratoſthenicam retinuit. Ptol. Swr, Mey. 
. p. 18. & p. 60. 
 Theonis as anus lobe, 710 197 31 my 
Tabulz tamen Chovareſmice, conditæ poſt Chriſt. 830. exhibent Canoni- 
cam Ab Alexandrinorum, juxta MS. Lat. D. Hanau, 51 
Pytheas Maſſilienſis, ante Chriſt. 3 24. Ricciolo 52“ 41“. 


Aiftarchus, ante Chriſt, 280. Illuſtri Savitio ſupputante, Fi! zo”. 


3 Ariftarchus, 
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Ariſtarchus, ex ratiocinio Riccioli, zoſ coll. 
Strabo Geographus, p. 93. poſt Chrif. 30 2 Circuli, five præter Gradus 


23, adhuc unius, five 60“. 


Nec aliter Geminus (tempore Chriſti) cap. iv. Element. Aſtron. Et Tatins 
c. 26. atque Proclus de Sphæra. Indeque ſive Aſtrologi, 8 op Nodda mum 
Arabem, Abrahamum Abeneſdram, &c. 

Noddamus Aſtronomus, qui floruit circa Ann, Dom. 1200, notat AiZoay 
neque obſervatam unquam Majorem Gr. 2 . neque Minorem 23% 33 conti- 


nuo tamen decreviſſe. 


Cl. Ptolemeus, poſt Chriſt. 140. ſæpius expertus, & Crico ſuo & Plinthide, 


| ſemper reperit proxime eandem cum Eratoſthenica, * 20“, 


Diſtantia enim Tropicorum verſabatur inter 473. & 474 Sed elegit pro Se- 
lidio ſuo 47. 42" 451, Zunr. Mey. p. 18, 20, 21. & p. 27. capit pene Medium, 
polp. Ky. 1d. u. pte. Nec aliter in Hypotheſibas Planetarum. Theo vero 
in Canonibus gx: facilitatis cauſa præteriit Minuta Secunda. Fallitur 
autem Ricciolus, dum ex Climate Rhodi colligit AvEdows modum pro Ptole- 


mæo 23 30". 


Pappus Alerandrinus (poſt Chrif. 390.) 1. 6. Theor. 35. Ricciolo zo/. 

Pappus, F. Commandino colligente fo! oo oo. 

Theo, (poſt Chriſt. 370.) p. 88. accuratius 511 20 O. 

Alibi numero rorundo, ut p. 77. & paſſim i in Canonibus ſuis TEX non- 
dum vulgatis 51 00” o“. 

Almamon Princeps Aun. Chriſti 827. Hegire 210. 230 35!. Grav. 
Pp. 44. ex Ebu-Shatir Damaſceno M S. Seld. adſiſtentibus ei Sharia A- 
ſtronomis. Ita enim refert Abene/aras MS. Lat. in Archivis Digbeanis. 
Inſuper Aſtronomus Incertus in Arch. Seld. affirmat -Fahia Ebn Albimanſur 
cum multis aliis Philoſophis, tempore Almamonis, TW AbZway e 


N 6 G 12 deprchendiſſe, . 


Idem tradit de obſervatis Almamonis Doctiſſimus Al Noddam in Commenta- 
ris ſuis ad Aſtronomica Hoſein Ni/aburienſis. Imo addit ille eodem Ayo ſæ- 
pius obſervaſſe Beni Muſa modum eundem 230 35! Bagdadi in Campis. MS. 
Agab. Coll. S. Joan. Oxon. Hunc etiam placuiſſe pleriſque ſequentium Aſtro- 
nomorum. Sane in eo quieſcit Alferganus Aſtron. ſuæ c. 

Mohammed Ebn aber Al Bataniu % (Al. Bategnius) Nate Ricciolo, A. D. 
880. III. Savilio, 890. Gravio p. 44. 882. Hegire, 269. Obiit ile Hegiræ, 
317. A. D. 929. Abolfaragi Hiſt. p. 191. 35 O. 

Al Batanius hac in re ſuas mpioas præferre non dubitat Prolemæi dictis, c. 4. 
aitque ſe adjutum longiſſima Ulbidada, ſeu Regula Parallactica ad formam 
Plolemaicarum cum cura & aſſiduitate reperiſſe apud Raccam Tropicorum Di- 
ſtantiam, 4 10“ (hoc eſt 59 367. minus 129 267.) atque adeo Latitudinem 
Kacce 3 5 quam tamen Ulocbegus ſtatuit 36? 100. 0701Chardus apud Curtium, 
(p. 33.) & — 365. 


Tia bet 
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habet Ehn Corra (Ricciolo, A. D. 1210. rectius 901, Hegiræ 289.) repe- 
rit AvZway 33! 30/!. n Fig, nig 
Abul Hoſein Ebn Suphi, 35! oo". Ned 534 
Abul Waff Albuziani, | & Ahn Hamed Saganienſis, Vir ingenioſiſſimus, 
(A. D. 987. Heg. 377.) Bagdadi repererunt Away tantum non 35“. 


Ita & auctor I N; Perla in Arch. Seid. 35". 


Tabulæ itidem Perſicæ Chry/ococce, 3 yl. : | 
Al Batrunius Rihan, (A. D. gf. Hegiræ 385. Abolfaragius hunc ponit ad 


Hegiræ 463. ſeu A. D. 1070.) uſus Quadrante, cut Radius xy. cubitorum 


Grav. p. 44. ex Cod. Arab. Birunii. 35“ 

Verum Abu Joafer Alchazan, cum Socio ſuo Abufaldo Harwanenſi apud 
Edeſſam, & iſtius Ævi alii A. D. 970. obſervarunt 2 AiZwny ad 230 35“. 
plane non acceſſiſſe, ſed paulo fuiſſe Minorem. _ 


Almeon F. Almanſoris (A. D. 1140. Rice.) 3o! zoll, at ille Clavio & 


Meſilino 33“. 


 1/mael Abulfeda Princeps Hamæ, A. D. 1311. Hegire 711. in Tabulis ſuis 


MS. Arab. Coll. S. Joan. retinet forte ad Almamonis auctoritatem 35! oo“. 


Prophatins Fudeus (A. D. 1300. Ricc. 1 303. Maſtlino apud Curtium, p. 40. 


230 annis poſt Arzachelem, inquit Copernicus) & Ricciolo, & MS. Coll. 
Merton. 3 2. oo”. Jas 


Abu Mahmud AI Chogandi A. D. 992. Hegiræ 382. tempore Fecrodaulæ, 


Sextante cujus Radius erat Cubitorum XL, limbuſque in minuta ſecunda di- 


ſtinctus, invenerat Alg Minorem quam unquam captaverat aliquis Majo- 


rum ſuorum, nimirum 32' 217. 
Hinc Noddamus Aſtronomus adfirmat M S. Coll. Joan. Solis Declinatio- 
nem Maximam vix unquam Minorem fuiſſe repertam 23* 33“. 


Arzachel Hiſpanus (Gravio p. 44. A. D. 1089. Hegiræ 482. Ricciolo 1070. 


Maſilino apud Curtium, p. 35. 1075. Copernico, 1.3. c. 6. Annis 190. poſt 
Al Batanium, propoſuit Alg, 23 33“ 30''. Ita MS. Coll. Mert. Oxon. 


ubi dicitur differentia 17! 30“. intercedere inter Ab Ptolemæi & Arza- 


chelis. | | 5 
Apud Maragam Nobiliſſimus Perſa Chojah Nafrroddinus Tuſenſis, A. D. 1269. 
Hegiræ 668. (at Gravio, p. 44. 1261. Hegire 660.) accuratiſſime obſervavit 
Thy Ab S 239 20 oo". | - | v5 
Hæc eſt minima ex Maximis Solis Declinationibus, quæ ad hunc uſque 


diem reperta fuit, ait Doctiſſ. Commentator ad Aſtronomica Ho/ein Niſabu- 


 vienfis. | 3 8 nh | 

Ehn Shatir Damaſcenus, MS. Seld. A. D. 1363. ait ſe emendaſſe Ab F, 
non neglecta Solis Parallaxi, quæ Horizontalis capta eſt 2179“. Huic Solis 

Max. Declin. 230 31/ oo”. 


Olocbegus Princeps, A. D. 1437. Hegiræ 841. cum Aly Cuſbgio aliiſque A- 


ſtronomis, uſus ſumma cura, & maximis Inſtrumentis (vide Gravium, p. 44. 
reperit AoZwny 239 301 1711, Ita MSS. Coll. D. Joan. & Bibliothece Savili- 
anæ, nam MS. Seld. exhibet 23 307 271. 


Rabbi 
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Rabbi Moyſes Ben Maimon Judæorum Doctiſſimus ait in Jad. de Conſecra- 
tione Calendarum, c. ult. ſect. 4. Maximam Zodiaci Obliquitatem fuiſſe, A. D. 
1174. 230 30". Hy. ä 
Scias vix dimidiam partem A ſtronomorum Orientalium, quorum Scripta Aca- 
demiæ Oxon. Bibliothecis ſervantur, a me conſultam fuiſſe. Ex hiſce autem 
Obſervatis aliiſque quæ mecum adhuc cis vulgus ſervo, unam eandemque ſu— 
ſpicor fuiſſe a primordio Mundi AiZoar Zodiacam. Æva enim recentia, quod 
vides, melioribus Organis errorem exceſſumque veteris Aſtronomiæ probe cor- 
rexerunt. | 


Regions towards which the Poles approach, and decreaſe in thoſe from which 
they recede: and under the Meridian, go Degrees removed from that in 
which the Poles ſhift, the Latitudes continuing the ſame, the Meridian Line 
would only alter; but not two Places conſiderably differing in Longitude 
can be ſuppoſed, wherein, if there be any ſenſible Motion of the Poles, it 
1 not be perceived by the Alteration of the Latitude of one or both of 
them. 

The accurate M. Wurtelbaur has lately furniſhed us with the Means of 
examining this Hypotheſis by Obſervation, having ſent us the Meridian Alti- 
tude of the Sun taken at Nuremburg about the two Solſtices in the Year 1686. 
Jun. 10. he found the Meridian Altitude of the Sun 64* 2! 20%, and the 
next Day 64* 2/ 25!!, And on Decemb. 14. (three Days after the Solſtice, 
wherein the Sun was got two Minutes higher) he found the Meridian Alti- 
tude 179 9/ 10//. wherefore the ſolſtitial Altitude was 17 7 10!!, Theſe 
Heights were taken by an Inſtrument of 6 Foot Radius of Braſs; and the 
Skill and Diligence of the Obſerver is not to be doubted. 

To compare with theſe, I find among Bernard Yalther's Obſervations, made 
in the ſame City of Nuremburg two hundred Years before, viz. In the Year 
1487. that the Meridian Altitude of the Sun in the Summer Solſtice was ob- 
ſerved by the parallactick Inſtrument of Prolemy, whereby the Chord of the 
Sun's Diſtance from the Zenith was obſerved 44890 Parts of 100000 Radius; 
the ſame being obſerved by the Concurrence of the Obſervations of ſeveral 
Years both before and after. The Arch anſwering to this Chord gives the 
Sun's Diſtance from the Zenith 27 $6! zol, and conſequentily the Meridian 
Altitude, its Complement to a Quadrant, 64 3“ 307!, Again, the fame Year 
1487. the Chord of the Meridian Diſtance of the Sun irom the Zenith, on 
the Day of the Winter Solſtice, was found 118790, confirmed likewiſe by 
many ſubſequent Obſervations; the Arch anſwering to this Chord is 722 


40“. and its Complement 17* 7! 20!', the Meridian Height of the Sun in 
the Winter Solſtice. 


Hence 
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Hence it appears, That the Solftitial Heights were very nearly the ſame 
at Nuremburg 200 Years ago as now they are; that of the Summer Solſtice 
being but one Minute differing, the other only 10“; both which may poſſibly 
ariſe from the Defects of the Inſtruments of theſe Obſervers, being made 
with Plane Sights: But what I ſhall neceſſarily conclude from hence, is, That 
if there be ſuch a Motion of the Poles, it is either very ſlow, or elſe near] 
at Right Angles to the Meridian of Nuremburg; in which latter caſe, the 
Latitudes of Places about Tunking, Siam. Malacca, and Java, on the one 
Side, and in our American Plantations of New-FEngland, Virginia, famaica, &c. 
on the other, ought to change faſteſt: But I have never yet heard of any 
ſuch thing obſerved by any of our Navigators; whence, if there be ſuch a 


Change ot the Earth's Poles, it muſt neceſſarily require a long time to be- 
come ſenſible. 


Beſides, from theſe Obſervations, it appears, That the Obliquity of the 
Ecliptick has continued unaltered for theſe 200 Years laſt paſt; that is to ſay, 
that the Angle which the Earth's Axis makes with the Plane of the Eclip- 
tick or Orb wherein ſhe moves annually round the Sun, has been without 
ſenſible Change in all that Time; which will be very hard to conceive, if we 
allow a Tranflation of the Earth's Poles; for the Direction of the Axis bein 
perfectly at Liberty, it muſt be purely caſual, if it ſo hit, that after ſuch 
Change, it make the ſame Angle with the Ecliptick as before. 
A farther Argument of this Slownels of the Change of the Poles, is the 
Latitude of Alexandria, the Habitation of thoſe famous Aſtronomers of Anti- 

quity, Eratoſthenes, Timocharis, Hipparchus, and Ptolemy z and for that Reaſon 
it may be concluded, that this, of all the Latitudes the Ancients have left us, 
_ ought to be one of the moſt Corre&t. This by Pzolemy is ſaid to be 30 58 
North, (which he uſes in all his Computations in his Almagiſt, and ſeems de- 
rived from the Proportion of the Gnomon to its Equinoctial Shadow, as 5 to 3, 
but in his Geography, 31% juſt.) In the Year 1638, the curious and ingeni- 
- ous Mr. Graves, when he went to viſit the Egyptian Pyramid of which he 
has given ſo good an Account, did, with a ſufficient Inſtrument, obſerve the 
Latitude of Alexandria, and found it 319 4! or 6 Minutes more than it is 
reputed by Prolemy, and before him by Eratoſthenes; fo that in about 200 

Years, the Latitude of Alexandria has altered only a few Minutes; and fo few, 
that the Accuracy of the Obſervations of the Ancients may well be queſti- 

oned: Bur, both being granted, this Motion will amount to no more than a 
Degree in 20000 Years. On 7 5 | 
This is not ſaid with intent to invalidate what Mr. Hool, hath from ſo 
good Grounds advanced, viz. That the Ball of the Earth, at leaſt the Fluids 
thereof, being neceſſarily of the Figure of a Spheroides Prolatus, or flat Oval, 
whoſe ſhorteit Diameter is the Axis, and greateſt Circle the Equinoctial; if 
the Poles be ſuppoſed changed, the Equinoctial will be ſo too; and conſe- 
quently the Water muſt riſe and cover thoſe Parts from which the Poles re- 
cede, and fall off and leave bare thoſe Places towards which the Poles ap- 
proach. By this Means it may be accounted for, how ſuch ſtrange Marine 
things are found on the Tops of Hills, and fo deep under Ground; and ſcarce 


any 
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any other Way. But from theſe, and the like Obſervations, it will follow, 
That if theſe Inundations are produced by any regular Motion of the Poles, 
it would require a prodigious number of Ages to effect the Changes we may 
be certain have been. Beſides, if the Acceſs and Receſs of the Sea were after 
ſuch a gradual manner, as when produced by ſuch an caly Tranſlation of the 
Poles, as can by Obſervation be admitted, thoſe Inundat ions could never be 
fatal to the Inhabitants; for that they would always give notice of their coming, 
ſo that the People might provide for their Safety. But the Holy §gi- 
ptures, and Pagan Tradition, do unanimouſly agree, That the laſt great De- 
luge was brought to pals in a few Days, with no previous Notice; ſo that the 
Account we have thereof, could not, by this Zypothe/is, be made out, without 
the Suppoſition of a great and ſudden Alteration in the Poles of the Earth's 
Diurnal Revolution: For which, whether weſhould have recourſe to the intel- 
ligent Powers, that firit impreſs'd this whirling Motion on the Ball, or leave 
it to be performed naturally, by the caſual Shock of ſome tranſient Body, 
ſuch as a Comet, or the like, whereby the former Axis might be loſt, and a 
New Revolution produced, differing both in Time and Polition from the 
Old; I ſhall not undertake to diſpute: Such a Suppoſition would include like- 
wiſe a Change of the Length of the Year, and Eccentricity of the Earth's 
Orb; for which we have no fort of Authority. SO 
1. As I was wondering how an ordinary Mathematician could miſs fo caſy A ſuppoſed die 
l 5 ; - 4: — . 5 0 j Feration of the 
a thing as the drawing a true Meridian, fo far as in the inſtance of the old awyilion Line; 
Meridian in the Church of Sr. Potronio in Bauonia, which is found by M. Caſo '» «+ wenn. 
ſini to vary 8 or 9 Degrees from the true Meridian of the Place; and in that . Ab 
of the Meridian of Uraniburge, which is found by M. Picart, and others, to | 
vary 18“; I hit upon this Thought, that Meridians mult needs vary. For 
you know, that (taking it for granted that che Earth moves, (7:.) beſides the 
Diurnal and Annual Revolutions, there mult be alſo a third to account for 
that flow Motion of the Fixed Stars upon the Pole of the Ecliptick, in 
about 2 7000 Years; which is ſolved by the Direction of the Earth's Axis 
from one Point to another of the polar Circle. And that Direction being 
nothing but a certain Wabble in the Earth's Motion, mult nceds make the 
Noon-ſhade of a Perpendicular not lie always in the ſame Line. 

2. This being a new Suggeſtion, deſerves to be conſidered : For it is not 8 by 
probable that ſo careful a Man as Tycho, and thoſe concerned in the Church nia. . 289. 
of St. Petronio, ſhould be ſo much miſtaken in the Meridian Line. But if 
there be ought of this Nature, it mult ariſe from a Change of the Terreſtrial 
Poles (here on Earth) of the Earth's Diurnal Motion; (not of their point- 
ing to this or that of the F ixed Stars:) For if the Poles of this Diurnal Mo- 
tion remain fixed to the ſame Place on the Earth, the Meridians, (which pals 
thro! theſe Poles) mult remain the ſame. 


XVIII. I have had the good hap to meaſure the Diſtances of Mars from The P..llax of 


two Stars the ſame Night; whereby I find, that his Parallax was very ſmall, , r Dual 
certainly not 30!': So that I believe the Sun's Parallax is not more than 10!!, N. 89. f. 1519. 


Nov. An. 1672. 
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To find the Sun's XIX. It may perhaps paſs for a Paradox, if I ſhould aſſert, That it is an 
Ingreſs into the eaſier Matter to be aſſured of the Moments of the Tropicks, ox of the Times 
ropical Signs; ; ; . >, : : 
by Mr. Edmund of the Sun's Entrance into Cancer and Capricorn, than it is to obſerve the true 
Halley. Times of the Equinoctials or Ingreſs into Aries and Libra. Bur I here deſign 
1 2557 to ſhew a Method to find the Moment of the Tropicks, capable of all the Ex- 
actneſs the moſt accurate can deſire; and that without any Conſideration of 
the Parallax of the Sun, of the Refractions of the Air, of the greateſt Obli- 
quity of the Ecliptick, or Latitude of the Place; all which are required to aſ- 
certain the Times of the Equinoctial, from Obſervation; and which, being 
faultily aſſumed, have occaſioned an Error of near three Hours in the Times 
of the Equinoctials deduced from the Tables of the Noble Tycho Brahe and 
Kepler, the Vernal being ſo much later, and the Autumnal ſo much earlier 

than by the Calculus of theſe famous Authors. 


Now before we proceed, it will be neceſſary to premiſe the following Lem- 
mata, ſerving to demonſtrate this Method; viz. 3 
1. That the Motion of the Sun in the Ecliptick, about the Time of the 
Tropicks, is ſo nearly equable, that the Difference from Equality is not ſenſi- 
ble, from 5 Days before the Tropick to 5 Days after, by reaſon of the near- 

_ neſs of the Apogæon of the Sun to the Tropick of Cancer. 

2. That for 4 Deg. before and after the Tropicks, the Differences whereby 
the Sun falls ſhort of the Tropicks, are as the Verſed Sines of the Sun's Di- 
ſtance in Longitude from the Tropicks; which Yer/ed Sines in Arches under 
F Degrees, are beyond the utmoſt Nicety of Senſe, as the Squares of thoſe 

- Arches. From theſe two follows a third; . . 

3. That for 5 Days before and after the Tropicks, the Declination of the 
Sun falls ſhort of the utmoſt Tropical Declination, by Spaces which are in 
Duplicate Proportion, or as the Squares of the Times by which the Sun 1s 
wanting of, or paſt, the Moment of the Tropick. = 
Hence it is evident, That if the Shadows of the Sun, either in the Me- 

ridian, or any other Azimuth, be carefully obſerved about the time of the Tro- 
picks, the Spaces whereby the tropical Shade falls ſhort of, or exceeds, thoſe _ 
ar other times, are always proportionable to the Squares of the Intervals of 
Time between thoſe Obſervations and the true Time of the Tropick; and con- 
ſequently if the Line, on which the Limits of the Shade is taken, be made the 
Axis, and the correſpondent Times from the Tropick, Expounded by Lines, 
be erected on their reſpective Points in the Axis as Ordinates, the Extremities 
of thoſe Lines ſhall touch the Curve of a Parabola. Thus, a, ö, c, e, being 

Fig, 124, ſuppoſed Points obſerved, the Lines aB, YC, A, eP, are reſpectively pro- 

portional ro the Times of each Obſervation before or after the tropical Mo- 
ment in Cancer. _ 

This premiſed, we ſhall be able to bring the Problem of finding the true 
Time of the Tropick by three Obſervations, to this Geometrical one: Ha- 
bing three Points in a Parabola, A, B, C, er A, F, C, given, together with 
the Direction of the Axis; to find the Diſtance of thoſe Points from the Axis. 

-& Or 
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Of this there are two Caſes; the one, when the Time of the ſecond Obſerva- 
tion B is preciſely in the Middle between A and C: In this Caſe, putting? 
for the whole Time between A and C, we ſhall have Ac, the Interval of the 
remoteſt Obſervation A, from the Tropick, by the following Analogy. 

As Z 4c — 4 to 2ac— 1, lo is 2, or AE, to Ac, the Time of the 
remoteſt Obſervation A, from the Tropick. 

But the other Caſe, when the middle Obſervation is not exactly in the 
Middle between the other two Times, as at F, is ſomething more operoſe, 
and the whole Time from A to C, being put ==7, and from A to F, =s, 


2 16 — 265 
the Time ſought. = | 
To illuſtrate this Method of Calculation, it may, perhaps, be requiſite to 
give you one or two Examples. 


ce = c, andbc =b, the Theorem will ſtand thus, 8 Ac, 


Ann. 1500. Bernard Malter, in the Month of June, at Nuremberg, obſery'd 
the Chord of the Diſtance of the Sun from the Zenith, by a large Paral- 
lactice Inſtrument of Ptolemy, as follows; 


June 2. 47467. June 8. 44977. 
June 9. 44934. & and June 12. 44883. 
June 16. 44990. Fune 15. 44990. 


In both theſe Caſes the middle Term is exactly in the middle between the 
Extremes, and therefore in the former three, ac =533, b c = 477, and 7, 
the Time between, being 14 Days, by the firſt Rule, the Time of the Tro- 
pick will be found by this Proportion; as 7589 to 8273, ſo rt, or 7 Days, to 
9 Days, 20. 2. Whence the Tropick, An. 1500. is concluded to have fallen 
June 11. 20h. 21. In the latter three a c is = 107, and bc = 1, and the 
whole Interval of Time is 8 Days = #; whence, as 199 to 2064, ſo is 4 
Days to 44. 3. 37“; which, taken from the 16th Day at Noon, leaves 11“. 
20. 231. for the Time of the Tropick, agreeing with the former to the third 
Part of an Hour. : 7 


Again; Ann. 1636. Gaſſendus at Marſeilles obſerved the Summer Solſtice 
by a Gnomon of 55 Foot high, in order to determine the Proportion of the 
Gnomon to the Solſtitial Shade, and he hath left us theſe Obſeryations, which 
may ſerve for an Example for the Second Rule. 


June 19 31766 
oy St. N. ſhadow atk, Parts, whereof the Gnomon was 89428. 
22 C3759 


Mm 2 Theſe 


(268) 


Theſe being divided into two Setts, of three Obſervations, each, viz. The 
19th, 2oth, and 22d, and the 19th, 21ſt, and 22d, we ſhall have in the firſt 
three, c = 13, and þ =7,, = 3 Days, 5 = 1 and in the ſecond, c = 
If, andb =7, t= z, and s==2. Whence, according to the Rule, the 
19th Day at Noon the Sun wanted of the Tropick a Time proportionate to 

one Day, as ?fc—55b to 210 — 265; that is, as 100 to 64. in the firſt Sett, 
or 10F to 62 in the ſecond Sett; that is, 1%. 171. 15! in the firſt, or 14. 17. 
251. in the ſecond Sett: So that we may conelude the Moment of the Tro- 

pick to have been June 10d. 17. 20“. in the Meridian of Mas ſeilles. 

Now that theſe two Tropical Times thus obtained, will be found to con- Y 
firm each other's Exactneſs from their near Agreement, appears by the Inter- Z 
val of Time between them, vz. 1d. 2". 30. leſs than 136 Jalian Years, 
whereof 1d. 1Þ. 8!. ariſes from the Defect of the Length of the Tropical Z 
Year from the Jian, and the reſt from the Progreſſion of the Sun's Apogeo:; . 
in that Time; ſo that no two Obſervations made by the ſame Obſerver in the 
ſame Place can better anſwer each other, and that without any the leaſt Ar- 
tifice or Force in the Management of them. 8 

What were the Methods uſed by the Ancients to conclude the Hour of the 
Tropicks, Pfolemy has no where deliver'd; but it were to have been wiſhed 
that they had been aware of this, that ſo we might have been more certain 

of the Moments of the Tropicks we have received from them; which would Z 
have been of ſingular Uſe to determine the Queſtion, Whether the Sun's 5 
Apogæon be fixed in the Starry Heaven; or, if it move, What is the true I 
Motion thereof? It is certain, that if we take the Account of Prolemy, the 
Tropick ſaid to be obſerved by Euctemon and Meton, Funii 27 Mane, Ann. 
432. ante Chriſtum, can no ways be reconciled, without ſuppoſing the Ob- 
tervation made the next Day, or June 28 in the Morning. And P7olemy's 
own Tropick, obſerved in the zd Year of Antoninus, Ann. Chriſt. 140. was 
certainly on the 23d, and not on the 24th Day of June, as will appear to 
thoſe that ſhall duly conſider and compare them with the Length of the Year 
deduced from the diligent and concordant Obſervations of thoſe two great 
Aſtronomical Genii, Hipparchus and Albatani; eſtabliſhed and confirmed by 
the Concurrence of all the Modern Accuracy. For the Obſervations give 
the Length of the Tropical Vear, ſuch as to anticipate the Julian Account 
only one Day in zoo Years; but we are now ſecure, that the ſaid Period of 
the Sun's Revolution does anticipate very nearly 3 Days in 400 Years; ſo 
that the Tables of Proleuiy, founded on that Suppoſition, do err about a 
whole Day in the Sun's Place for every 240 Years. Which principal Er- 
ror in ſo fundamental a Point, does vitiate the whole Superſtructure of 
the Almageſt, and ſerves to convitt its Author of want of Diligence, or Fidelity, 
or both. > a | | 

But to return to our Method: The great Advantage we have hereby, is, 
That any very high Building ſerves for an Inftrumenr, or the Top of any 
high Tower or Steeple, or even any high Wall whatſocver, that may be (ut- 
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ficient to intercept the Sun, and caſt a true Shade, and make the Spaces large 
and fair; though the Heighth and Diſtance of the Building, and Poſition of 
the Plane upon which you receive the Shade, and of the Line on which 
you meaſure the Spaces, be not exactly known. Bur it is convenient that 
the Plane on which you take the Shade be not far from perpendicular to the 
Sun, at leaſt not very oblique, and that the Wall which caſts the Shade, be 
ſtreight and ſmooth at the Top, and its Direction nearly Eaſt and Mett. 
The principal Objection is, That the Penumbra, or Partile Shade of the Sun, 
is, in its Extremes, very difficult to diſtinguiſh from the true Shade; which will 
render this Obſervation hard to determine nicely. But if the Sun be tranſ— 
mitted through a Teleſcope, after the Manner uſed. to take his Species in a 
Solar Eclipſe, and the upper Halt of the Object-Glaſs be cut off by a Paper 
= paſted thereon, and the exact upper Limb of the Sun be ſcen juſt emerging 
= out of it, or rather continging the Species of the Wall, (the Poſition of the 
© Tele{cop2being regulated by a fine Hair extended in the Focus of the Eye— 
B Glaſs) J am aſſured, that the Limit of the Shade may be obtained to the ut- 
moſt Exactneſs. I ſhall only further advertiſe, 'That the Winter Tropick by 

this Mcthod may be more certainly obtained than the Summer's; by rea- 
fon that the ſame Gnomon does afford a much larger Radius for this manner 
of Obſervation. be | 


XX. I have found it neceſſary to make new Solar Numbers, becauſe in The Sele, Num- 
my old I have neglected to apply Refractions in all the Altitudes above bs coreted; 
2 | | + | by M. J. Flam- 
zo Degrees; wherein yet Reaſon and ſome little Experience hath ſhewed gc. | 
me, they are not inſenſible. I found S. Caſſini's Obſervations, which I N. 110. p. 220. 
. took from Kicciolus his Afironomia Reformata, much more accurate than Jan. An. 1673. 
Dycho's, and therefore ſought out Numbers that might anſwer them. The 
Apozogeum I found it neceſſary to promote 44 Minutes; ſo that Anny 
Ineunte 1655. it might be in S 7. zo. oo. and to make the greateſt E- 
quation only 1. 54“. 13”. whereby I found the Phenomena would be an- 
ſwered much more accurately than I expected, and as near, all things conſi- 
dered, as I could defire. | 4 
But ſtill J was uncertain, whether the Refractions in the ſaid Caſſini's 
Tables were juſt Meaſures or not, and I had no Conveniencies for ma— 
king Trial. At laſt I thought on this Expedient, which fully ſatisfied 
me; viz. | ; 155 
I conſidered, That if ſome of thoſe Obſervations of the Diſtances of 2 
from the © by Day, and from the Stars in the Night preceding or follow- 
ing, were skilfully examined, they might ſhew me the true Quantity of 
the Equations of the Sun's Orb, or rather the Difference of his Mean and 
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9 Equal Motion. I turned over his Progymnaſimata, and pitched on two: | | 
I The firſt made Ann. 1585, March f. 4. 427. and 7h. 12! poſt Meridiem : 1 
5 whereby I found the O at 4h. 42“. was 94. 477. in the Antecedence of the | 1 
I Lucida Calcis I; the ſecond made Ann. 1585, Sepremb. 15. Fh. 15). 4 
= and 6h. 55”, Mane. Where-from (applying and conſidering the Re- ö 


fractions = 
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fractions in both) I found the Sun at 69. 35h. to be 749. 3o!. in Conſe. 
quence of the Lower Head of H. The Difference of Longitude betwixt 
thele two Stars is 179, F9': And therefore, now the Sun, in Conſequence 
of the Lucida Calcis U. 929. 291. So that the Sun's apparent Motion be- 
twixt the Year 1582. Mar. . Ah. 421. and the Year 1585. Septemb. 15. G. 
57 Mane, (beſides the whole Revolutions) was 1879. 161. but the Mean 
Motion is 1919. 2/. greater than the Apparent by 39. 46“. which parted in 
proportion to the Equation of the Earth's Motion, collected for thoſe Times 
from my New Tables, gives the greateſt Equation of the Orb, 19. 54“. 15. 
conſenting, to my wonder, without any wreſting of the Obſervations, with 
that, which I deduced from Caſſini's correct Meridional Altitudes. 

The Sun's Motion, by the Tables which I now ule, grounded on this E- 
quation, is leſs than Tycho's by no leſs than 9. That great Equation made him 
commit no {mall Errors, and put him upon ftrange Shifts to hide and ſolve 
them. So that all his Obſervations of the Planets in their Oppoſitions to the 
Sun are to be corrected before we attempt to repreſent them by Numbers; 
for his Errors in the Sun's Place made him err ſometimes 5 or 6 Hours in the 
Time of the Oppoſition; which mutt be reformed. | 


The Equaliry ef . XXI. Non parvum adhuc eſt Diſſidium inter Aſtronomos, quanta fit in 
Natural Days, a liquanto Tempore Proſthaphæreſis, ita ut Longomontanus fateatur, nullam 
Rs, of Me. in Aſtronomico Pulvere majorem Difficultatem ſe inveniſſe; quod cum 
thematicks ax notarem, animadverti in quibuſdam Ccoeli Obſervationibus a me factis, quid 
A 3 illis inveniret; &, cum mihi eſſet Horologium Rotatile Pendulum, ad- 
OR, A100 modum exactum, linea Meridiana artificialiter Conſtituta, examinabam Solis 
in Meridianum Ingreſſum, ſingulis diebus, cum quo ad amuſſim Horologium 
meum congruebat, & fi diſcrepabat aliquando, rariſſime, duobus minutis diſ- 
criminabat, quod, cum opus erat, emendabam. Quare per triennium continu- 
— ando & quotidie Solem in Meridiano obſervando, cum licebat (quod in hac 
Regionis parte ſæpe ſæpius fit) inveni tandem nullam Diem Naturalem Lon- 
giorem Revolutionem, in Uno vel Alio Anni Tempore, alia Die habuiſſe; un- 
de intrepide dico omnes Dies Naturales æquales eſſe, & ſi adhuc aliqua Diffe- 
rentiola intercedit, non eſſe Senſibilem. Hoc volui notum facere, ut Aftro- 
nomos hoc Scrupulo liberarem, qui tam multos torſit & indies torquet, 
quanquam Tychonica AÆquatio propter Eclipticæ Obliquitatem non {fit reji- 

cienda. | - * 
Refuted, by Mr, 2. Dies quomodo Aquales eſſe poſſint, & tamen Æquatio Tychonica ad- 
Ne mitti, vix me capere fateor. Ob inæquales etenim æqualium Eclipticæ par- 
8 8 tium Rectas Aſcenſiones, dies unus /Equinoctialis Tropico uno Brevior erit 
Scrupulis Horæ ſecundis 40 & Dies 14 Tropici, totidem Aquinoctialibus 
Longiores ſunt ſexta Horæ parte, ſeu Scrupulis primis 10. Hanc autem Dit- 
ferentiam Majorem credo, quam ut eam in Obſeryationibus ſuis non percipe- 
ret Profeſſor Hiſpalenſis, proindeque ipſum in examinandis us Tychonicam Tem- 


poris /Equationem adhibuiſſe aurumem. 


ged 


| | IN ( 27/1 ) __ 
Sed & ponamus, Æquales eſſe Primi Mobilis Revolutiones (quod nulli, qui 
Ptolemaicam Hypotheſin admittant, unquam iverunt inficias) neceſſario conſe— 
quitur, nec /Equationem Temporis, ab inæquali Solis in Orbita ſua Inceſſu 
enatam, rejiciendam eſſe; Eteniam cum Apogeus quotidie promoveatur tan- 
tum 57“. 10, Perigeus vero 61. 15“; Apogeus equidem citius 161, (feu Tem- 
pore abſumpto dum primum Mobile revolvit 4. 7“ a Meridie in Meridia- 


num Diet ſequentis recurret, quam Perigeus: Attamen quandoquidem pro- 


genita ex hac causa /Equatio tardius admittit Diurnum Incrementum, ſcil. 8“. 
quotidie, ad ſummum cum velociſſima, & vix Diebus 15 ad duorum Scrupu- 
lorum Quantitatem excreſcit, ea, cujus ille meminit, duorum Scrupulorum 
Emendatione, in Horologio ſuo ablatam credo: de qua videat propterea Vir 
Doctiſſimus. 5 1 5 | . 
Demum vero, ſi in Copernicanam Hypotheſin fit pronior, quam in Ptolemai- 
cam, in ea etiam, ſuppoſitis Terræ Iſochronis Revolutionibus, eædem conſe- 
quuntur AÆquationes. Fateor equidem, amoveri poſſe, & in contrarium tra- 
hi, ab Inæquali inceſſu Solis in Orbita ſua provenientem Temporis Æquatio- 
nem, ſi inæquales Terræ vel primi Mobilis perinde enim eſt utrum horum ſta- 
tuerimus: Revolutiones ſuppopamus: Sed fi Temporis Naturam bene perpen- 
dat, facile intelliget, impoſſibile eſſe, omnem ejus Inæqualitatem removeri. 
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Spots olſerved in XXIII. Aun. 1660. April 27. About 8 of the Clock in the Morning there 
2 * 105 appeat'd a Spot in the lower Limb of the Sun, a little towards the South of 
„ 2216, its Æquator, which was entred about of the Diameter of the Sun itſelf, 
being about ⁊ in its ſhorteſt Diameter, of that of the Sun; its longeſt, a- 

bout z of the fame. It diſappeared upon Wednelday Morning, May g. 

though we ſaw it the Day before about 10 in the Morning, to be near about 


the ſame Diſtance from the Weſtward Limb, a little South alſo of its Aqua- 


tor, that it firſt appeared to be from the Eaſtward Limb, a little South alſo 


of its ÆAquator. Ir ſeem'd to move faſter in the middle of the Sun than to- 
wards the Limb. It was a very dark Spot, almoſt of a Quadrangular Form, 
and was enloſed round with a kind of duskiſh Cloud. 

We firſt obſerved this very ſame Spot both for Figure, Colour, and Bulk, 
to be re-entred the Sun, May 25. when it appeared to be in a Part of the ſame 
Line it had formerly traced; and was entred about I of its Diameter about 
7 o Clock in the Afternoon. At the ſame time there appear'd another Spot, 
whi-h was juſt entered, and appear'd to be entred not above +3; Part of the 
Sun's Diameter. Ir appeared to be longeſt towards the North and South, and 
ſhorteſt towards the Eaft and Weſt. There ſeem'd to be diſpers'd about it 
divers {mall Clouds here and there. wy | 


Spors obſerved XXIV. I. Ann. 1671. M. Picard, at Sea near the Texel, obſerved a Spot. 


in the Sun; by 


21. picard. in the Sun from Aug. 3. St. N. to the 19th. It appear'd at firſt like the 


N. 74. Pp. 2238, Tail of a Scorpion, but on the 19th Day reſembling a Melon-Seed. 


© 75: ty 2254 2. Aug. 11. (F. N.) 1671. About 6 o' Clock at Night, M. Caſſini, with 


Caſſini. 


N. 74. P. 2238. 4 three- foot Glaſs, remark'd in the Sun's Disk, two Spots very dark, diſtant 


N. 75. 7. 2250. from its apparent Center about the third Part of his Semidiameter. The 
were in the Southern Part of the Sun, and their Elongation from the Paral- 
tel of the Equator paſſing through the Center of the Sun, was about v part 
of his Diameter. The Time which lapſed between the Tranſit of the 
Sun's Center and that of the firſt of rheſe Spots, was 227. or 23/7. the Semi- 
diameter of the Sun then paſſing in 66“. The firſt of theſe Spots, being 
looked upon with a Teleſcope of 17 Foot long, appeared with a ſomewhat 
Oval Figure; the other was Oblong and a little curved, like the Hebrew Let- 
ter Jod; and both together were ſurrounded by a Corolla, or Coronet, made 
up of little dark Points, which conformed itſelf to the Figure of the pry 
conſidered as they were joined together. 
Aug. 12. He perceived that they were nearer his Center. The Time be- 
tween the Paſſage of the Sun's Center, and that of the interior Edge of the 
Coronet which encompals'd them both, was then of 161“ . At 7 of Clock it 
was but of 15“. and the Southern Limb of the Coronet touched the Parallel 
paſſing through the Sun's Center. The firſt Spot was compoſed of two o- 
thers almoſt round, and conjoined. The ſecond repreſented the Shape of a 
Scorpion, The third was round. And they were all three environed with a 
Coronet, which was compoſed, as we ſaid above, of abundance of little obſcure 
Pricks. This Coronet appear'd to be clearer than the reſt of the Sun, when 


looked 
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look'd upon with the ſhort Glaſs, and darker when ſeen with the long. 
Without it there were other Points, but very black ones; viz. Five near the 


North: ſide. 
At 8 o' Clock 48“. the Figure of the Scorpion was ſeen divided into ſeveral 
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Length of the Incloſure of all the Spots, comprehended between the Extre- 
mities, was of 17. 15“. and the Breadth of 30“. 

The ſame 12th Day at 6 in the Evening, he found no great Change in the 

firſt Syot The other two were ſevered into, diſtinct ones, compaſs d about 


and after another Manner than they did in the Morning. From 6 at Night un- 
to 7, the Time when the Paſſage of the Sun's Center, and that of the Coro- 
net's Limb, was found to be at one time of 8”. and another time of 7;. the 
Diſtance of the Spots unto the Parallel paſſing through the Sun's Center, was 
near the ſame on the North- ſide with what it had been obſerved to be in the 
Morning on the South-ſide. | 
Aug. 13. Between the Riſing of the Sun, and half an Hour paſt 6. in the 
Morning, the Edge of the Coronet was turned to a Point on the South- ſide, 
and was diſtant from the Aquator on the North-fide, half a Minute; and 
there was but a Second of Time from the Paſſage of the Sun's Center unto 
the Paſſage of the ſame anterior Edge of the Coronet. 
At 8 o' Clock 30'. the fore Edge was in the ſame Horary Circle with the 
Center of the Sun: So that in one Day and Half, theſe Spots have run thro” 
very near the third Part of the Sun's apparent Semidiameter, which giveth 


and conſequently their Diurnal Motion about the Sun's Axe hath been of 13 
Degrees; and the time of their Periodical Revolution, as far as we could con- 
jecture in ſo little time, muſt be about 27 Days and a Half. 
Aug. 14. At 6 in the Morning, there paſſed 15“. of Time between the 
Paſſage of the anterior Limb of the Crows, and the Paſſage of the Sun's Cen- 
ter through the ſame Horary Circle: And then the Southern Limb of the 
Crown was a Minute and an half diſtant roward the North from the Parallel 
of the Agquator, paſſing through the ſame Center of the Sun. The Figure 
of the firſt Spot was almoſt the fame with that of the Day before. The le- 
cond had taken the Form of an Heart, the Point of which was turned to the 
North-ſfide, and its Baſe between the South and the Eaſt. Three other ſmall 


IE NR 3 . . . Yo e 


compaſſed by a Crown running out into a Point on the South-ſide; and on 
the North- ſide, Eaſtward, it had an Appendix. 


the anterior Limb of the Crown, and that of the Sun's Center through the 
fame Horary Circle. The Southern Limb of the ſame Crown was two Mi— 
nutes and an half diſtant from the Parallel of the Z9quatror, paſſing through 

Nn2 che 


round Spot on the South- ſide, and another near the Scorpion's Tail on the | 


Pieces, as if the Tail and Arms had been cut of. The Northern Point ap- 
pear'd no more, there remaining none but thoſe on the South- ſide; and the 


with a Coronet, together with 5 black Points, which ſtood in a ſtrait Row, 


$ an Arch of 19 Degrees and a Half of the Circumference of the Sun's Body; 


Spots, diſpoſed triangle-wiſe, ſtood over the ſaid Baſe, and were accompa- | 
nied with two others upon a Line turned Southward. And they were all en- 


Aug. 15. At 6 in the Morning, there paſſed 27/7. between the Paſſage of 
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the Center of the San, whoſe Diameter paſſed in 2“. 9”. through the ſame 
Horary Circle. The firlt Spot had a little changed the Figure; the ſecond 
was quadrangular, longer from Eaſt to Welt than from North to South: Ir 
appeared bigger than ordinary, and had withal on its ſides, within the com- 
pals of the Croton, three other [mall Spots. There were alſo ſeen four more 
without the ſaid Crows on the South- ide. 

Aug. 16. At 6 in the Morning, there was 277, between the Paſſage of the 
Suu's anterior Limb, and the Paſſage of the anterior Limb of the Crown 
through the fame Horary Circle; and 38“. between the Paſſage of the an- 
terior Limb of the Crown, unto the Paſſage of the Sun's Center. Ihe Southern 
Limb of the Crows was 34* off from the Parallel of the AÆAquator, paſſing 
thro? the Center of the Sn towards the North: And the Obſervation having 
been made yet more exactly at half an Hour paſt 7 of the ſame Morning, this 
Diltance was found of 3! 33''. The Figure of the firſt Spot in the Begin- A 
ning of the Obſervation, differ d not much from that of the precedent Day; | 
but afterwards it was ſeen divided into two. The ſecond, which likewiſe 
ſeemed to be the ſame in the Beginning, was afterwards divided into three, 
accompanied with black and dark Points without the Crows on the South; ſide. 
The ſame Day at 6 o' Clock, and 15“. at Night, the Figures of theſe Spots 
were much changed. There were 5 Spots encloſed in the Crown; The two 
foremoſt were Part of that which had been ſeen in the Morning as one; the 
two others following thoſe two firſt, were Part of the ſecond in the Morning; 

and without there were 5 Points on the ,South-ſide, and two more a little 
further to the North; which Points were ranged as in another Area made up 
of other Points, ſo ſmall that they could ſcarcely be perceived. 
Aug. 17. in the Morning, immediately after the Riſing of the Sun, there 
appeared three very dark Spot, which form'd in a manner theſe Letters Fx F, 
poſited from Eaſt to Weſt, and included in their wonted Crown, which ſtretched 
out, as 'twere, two Arms, or two Handles, one to the South, and the other 
to the North. There paſſed 18“. between the Paſſage of the foremoſt Limb 
of the Sun, and that of the foremoſt Limb of the Crown, and 472". between 
the Paſſage of the anterior Limb of the Crows, unto the Paſſage of the Sun's 
Center. The Southern Limb of the ſame Crows was diſtant 11'. 17”. from 


the Parallel that touched the Sun on the North-ſide, and 4. 38”. from the 
Parallel that pals'd. through the Center. ” 


Aug. 18. at 7 in the Morning, the Spots, which appear'd through ſome 5 
Clouds, had almoſt the ſame Shape with thoſe of the Day before, only with B 
this Difference, that they were a little cloſer together, drawing from Faſt to 5 
Weſt. There lapſed 13”. between the Paſſage of the anterior Limb of the 
Sun, and that of the anterior Limb of the Spot, through the ſame Horary 
Circle, and 724. of the foremoſt Limb of the Spot unto the Paſſage of the 
Center. The Southern Limb of the Spot was 9'. 13“. diſtant from the Pa- 
rallel that touched the Northern Limb of the dun, and 6“. 41“. from the Pa- 
ralle] that paſſed through his Center. At ; o' Clock and y'. at Night of 
the ſame Day, there lapſed 110. between the Paſſage of the anterior Limb 
of the San through the ſame Horary Circle, and the Paſſage of the anterior 


Limb 
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Limb of the Crown; and from thence unto the Paſſage of the Sun's Center 
543”. The Limb of the Crows next the Parallel paſſing through, the Center 
of the Sun, was diſtant from the fame Parallel 7'. 401. 

Aug. 19. from 4 to x in the Evening, the Spot appear'd oblong near the 
Sun's Circumference, from which it was diſtant about the Breadth of the 
ſame Spot. 

Aug. 20. in the Morning, which was not the full ſeventh from the Day 
that they were arriv'd to the middle of the Disk, they dilappear'd. 

The apparent Velocity nigh the Center was ſuch, that if it had continued 
the ſame, the Spors would have arrived almoſt in 4 Days to the Limb of the 
Disk; but in this Hypotheſis, that the Sports were adherent to the Sur's 


Surface, or at leaſt very nigh to it, this apparent Velocity was to leſſen accord- 


ing as they ſhould remove from the Center; as hath come to pals in effect. The 
Diminution of the Length of the Milly Crows was in a manner proportionable 
to the Diminution of the apparent Velocity; ſince that, when this Crown was 
in the Middle, and in a Situation wherein its true Figure could be belt ſeen, 
it appear'd oblong, and of the Form of an human Ear, its greateſt Diameter 
reſpecting Eaſt and Weſt; but being nigh the Limb, the ſame Diameter 
ſeemed to ſhorten; and having appeared greateſt in its firſt Situation, it ap- 
pear'd leaſt in this, becauſe it was almoſt in a Circle that paſs'd through the 


Center of the Sun, whoſe equal Arches are by ſo much the more oblique, by 


how much they approach more to the Limb of his Disk, and conſequently 
appear leſs, according to the Rules of Optics mean time, the Diameter, 
that was turned from South to North, apparently kept the ſame Bigneſs it 
had near the Center, becauſe it was in a Circle almoſt Parallel to the Horizon 


of the San, which formed the Repreſentation of its Limb, and whoſe equal 


Arches (by the ſame Optical Reaſons) do not appear contrafted. 

3. Several curious Obſervers at London, have ſeen one of theſe Spots recurr'd e ar 
to the Sun's Eaſtern Limb, about Aug. 25. St. N. as M. Caſſini predicted they N. 2 3253. 
ſhould return. | „„ 


17 Aug. 30. 1671. I ſaw a large Spot in the Center of the Sun's Face about zy Dr. Hook. 

oon. | | 

+ Sept. 1. At 3 o' Clock, I ſaw the ſame Spot moved about a Quarter of the 

Diameter of the Sun Weſtward; it conſiſted of one greater and two leſſer 

black Spots, with a dusky Cloud encompaſſing them: The Diameter of the 

whole Phænomenon was about ., of the Diameter of the Sun, and it was 

diſtant from the next adjoining Limb 5+ (that is, exactly one Quarter) of the 

Diameter of the Sun. 5 1 
F. Maculæ Solares Obſervatæ fuere nobis Hamburgi a 26. Aug. F. V. (pri- 2 Mr, Hen, 

mo fere die, quo iterum apparere cœperunt) ad uſque x. Sept. quo ad Lim- ey 

bum quam proxime acceſſere. eee 
XXV. Ann. 1676. Jun. 28. St. N. Habemus in ſole ſatis Ingentem Macu- Ssots obſerved in 

lam, quæ Solem ipſum mediavit h. 4. poſt Meridiem, cum Latitudine Auſtra- br $7 ; ty 

li 4203 ejus Diſtantiam a Polo Auſtrali Solis ex pluribus Obſervationibus ſup- N. 147. 7 C6; 

putavi gr. 785. Si ſatis habuerir Conſiſtentiæ ad abſolvendum Circulum ex- _ 

pectanda Reſtitutio ejus ad Medium, Diei 25. Jul. veſpere, cum majore La- 

titudine Auſtrali. Eo ig no XXVI, 


N. 77. p. 2293. 
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Mr. Halley ſaith, That he ſaw a Spot again on the fifth Day, 8b. 20“. 
Mane, very near the Limb of the Sun, ſo that it appeared only as a fine Line; 
but by reaſon of its Fineneſs and the too great Height of the Sun, he could 
not take any Meaſures to determine its Place and Latitude by; and that while 
the Spot continued one, as it was July 25. he meaſured to the middle of it; 
as alſo when the Pieces were divided, but not far disjoined: Afterwards, when 
they were ſeparated conſiderably, he obſerved the middle of the bigger Spot, 
which was to the South, apparently I ſuppoſe, but really North: for fo 
only his Obſervations will agree with thoſe of Mr. Flamſteed exactly. 

Hence it ſeems very evident, (ſaith Mr. Flamſteed) that the Spot's Way was 
not inclined to the Ecliprick fix or {even Degrees, as Scheiner and ſome others 
make it, but much leſs, by the joint Conſent of the Obſervations of both 


our Obſervers. Mr. Halley adds, That conſidering the Motion of the Spot 
croſs the Sun's Disk, as both their Obſervations give it, it appears that the La- 


titude was not ſo great at its Entrance into the Sun as in the middle of him. 
And by Mr. Flamſteed's Obſervation, it was greateſt on the firſt of Augup, 
and then again inclining towards the Ecliptick. If you grant this, it will 
follow, (infers Mr. Flamſteed) that the Sun's Axis was inclined to the Plane 


of the Orbis magnus; but the quantity of this Inclination muſt not be very 


1 | . 


1 Ee 

great, The Nodes of the Sun's Equinox and Ecliptick he gueſſes to be not 
tar from the beginning of Cancer and Capricorn; and that from Cancer to Ca- 
pricorn the Earth is North of the Sun's ÆAguator; from Capricorn to Cancer, 
South of the ſame: And the Period of the Sun's Revolution in reſpect of the 
fixed Stars 27 Days 9x Hours, ſufficiently exact. Of which things theſe two 
Obſervators ſay they might have been more certain, had not the Spot in its 
Paſſage broken into ſo many Parts, and thoſe often varied their Poſitions to 
each other. „ „ . 

2. Solarem Maculam hic obſervavimus a die 6 Aug. ad 14. St. N. Collatio- 
neque Obſervationum didicimus, eam medium Itineris ſui in ſolis Diſco Ap- 
parente tenuiſſe circa Mediam Noctem poſt 8. diem Aug. in diſtantia Appa- 
rente trium minutorum a Centro Auſtrum verſus. In plures diſtracta partes 
e .ſt, quæ invicem Boream & Auſtrum verſus indies ſatis manifeſto intervallo 
disjungebantur, adeo ut, præter Motum Communem circa Solis Axem, fin- 
gulæ partes Proprium inter ſe directum habuerint. Hanc porro Maculam di- 
verſam eſſe ſentio ab ea quam præcedenti Menſe Junio obſervaveramus. IIla 


juſdem Menſis, ad eundem proxime ſitum reverſa eſſet (ſi fuiſſet ſuperſtes) die 

257 Julii Nocte ſequente, ut deducitur tum ex ejus Velocitate, Tempore ſuæ 

Apparationis obſervata, tum etiam ex Curſu aliarum macularam, quæ perio- 
PP . quæ p 


ente, vel 27 cum ſemiſſe. Ejus præterea ſemita diverſa eſt à præcedenti; prior 
quippe paulo remotior fuit ab Æquatore macularum quam poſterior. Hæc 
porro, ſi ſatis habuerit Conſi ſtentiæ, ad Medium Solem rediit die 5 Septem- 
bris mane. h 


a large Spot entred within the Sun's Disk, a little diſtant from his following 
Limb. Theſe Appearances, however frequent in the Days of Scheiner and Ga- 
lileo, have been ſo rare of late, that this is the only one I have ſeen in his Face 


Sun's Southern Limb from the Vertex at Noon, I found it to have 3“. 40“. 
more North Declination than the Sun's Center; and at 3h. 35“. after Noon, 
I meaſured its Diſtance from his next Limb 40“. 


the Obſervations then made (at 8h, mane) determined its Longitude from 
Sun's Axis 66+ Deg. and its Declination from the Solar AEquator 95 
Deg. South. W hence, 3 the Revolution of any Point of the Sun to 


tor and our Ecliptick 7 Deg. and the Longitude of his Northern Pole K 16 
Deg. I deſigned the Line of its Way or Trace over the Sun, and the Points 
in 1t where the Spot would appear every Morning after at the ſawe Hour, 
till its Egreſs on the 8th of May; which I found altogether confirmed by 


ſuch Obſeryations as I made till then; ſo that I had no reaſon to doubt of the 
Theory. "ou | eee 


When 


quippe cum medium Itineris ſui in Diſco Solis Apparente tenuerit die 28 e- 


dum ſuam circa Solem a nobis videntur abſolvere Spatio dierum 27 cum tri- 


XXVII. Ann. 1684. Apr. 257. About an Hour before Noon I diſcover'd hit obſerved in 


Mr. Plamſteed. 
N. 157. pe 539. 


ſince December 1676. By the obſerved Meridional Diſtances of it, and the 
Next Morning, April 26. I faw it more remote from his Limb, and by 


the ſame fixed Star to be performed in 25 Days, 6 Hours, the Angle of his Equa- 
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N. 57. 1104. pages behind the Eye-Glaſs ſo far, as that the ſaid Species may appear at 
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N. 265. f. 623. Sept. 12. 10h. 221. 42“. which, by his Tables, ought to have been March 9. 
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When the Spot was near the Middle of the Sun, it appear'd very broad, 
and almoſt Square, the Nucleus of the ſame Figure about 40“ Diameter; but 
when it was near the Limb, much narrower, and almoſt oval: It ſeemed to 
have Conſiſtence enough to endure a ſecond Return; if it ſhall, it will enter 
the viſible Disk of the Sun on the 21ſt of May in the Evening, and in its 


Paſſage over him deſcribe a Line nearly ſtreight, with greater Latitude from 
the Ecliptick. e 


To find in wt XXVIII. One of the Means uſed by M. Auxout to enlighten an Object 


1 in what Proportion one pleaſeth, is by ſome great Object-Glaſs, by him called 


| lightned by the à Planetary one, becauſe that by it he ſhews the Difference of Light, which 


= L 9 PP all the Planets receive from the Sun, by making uſe of ſeveral Apertures, pro- 


portionate to their Diſtances from the Sun, provided that for every 9 Foot 
Draught, or thereabout, an Inch of Aperture be given for the Earth. Do- 
ing this, one ſees (faith he) that the Light which Mercury receives, is far 

enough from being able to burn Bodies, and yet that the ſame Light is great 
enough in Saturn to ſee clear there, ſeeing that (to him) it appears greater 
in Saturn than it doth upon the Earth, when it is over-caſt with Clouds; which 
(he adds) would ſcarce be believed, if, by means of the Glaſs, it did not ſen- 
ſibly appear ſo. | m_ | 


The Equinox, XXIX. The Aquinoxes of this Year, 1699, according to the Obſervations 
ok Wortzel- of M. Wortzelbaur at Nurenberg, happened March 9. 20h. 35k 257". and 


20h. 401. 3o!l, and Sept. 12. 10h. 320. 2“. 


To obſerve Solar XXX. For the well obſerving of Solar Eclipſes, caſt the Species of the 
. b a Sun through a good Teleſcope of a competent 155 f an extended Paper, 
Mr. am ee 0 


eaſt 6 Inches over; then divide both his Periphery into 360 Degrees for the- 


better obſerving the Inclination of the Caſps of each Phaſis, and his Diame- 


ter into Digits, and their Parts, by concentrick Circles, for meaſuring the 
Quantities of the obſcured Parts, 


Its Duration hence appears to have been one Hour and 74. Its greateſt 
Obſcurity ſomewhat more than 7 Digits. About the middle, between the 
Perpendicular and Weſtward Horizontal Radius of the Sun, viewing it thro” 

them 8 wy CS Mr. Boyle's. 


5 


6 


Mr. Boyle's 60 foot Teleſcope, there was perceived a little of the Limb of the 
Moon without the Disk of the Sun; which ſeemed to ſome of the Obſer- 


vers to come from ſome ſhining Atmoſphere about the Body either of the Sun 
or Moon. They affirm to have obſerved the Figure of this Eclipſe, and 


meaſured the Digits, by caſting the Figure through a 5 Foot Teleſcope on 


an extended Paper, fix'd at a certain Diſtance from the Eye-Glaſs, and having 
a round Figure; all whole Diameters were divided by 6 concentrick Circles, 
into 12 Digits. | 


2. The Eclipſe began at h. 44“. 52 Ul. mane. It ended at 7h. 43'. 6'!. So ee 
BZ that its whole Duration was Ih. 578“. 14“ The greateſt Obſcuration was 1014. b. 290. 
Dig. fol. but it ſeemed to have been greater by 3“. which Mr. Payen im- 


putes to a particular Motion or Libration of the Sun's Globe, which enter- 
tained that Luminary in the ſame Phaſis for the ſpace of 8/. and ſome Seconds, 
as if it had been ſtopped in the midſt of its Courſe, rather than to a tremulous 
Motion of the Atmoſphere, as Scheiner would have it. The apparent Dia- 


meters were almoſt equal; for in the Phaſis of 6 Digits, the Circumference 


of the Moon's Disk paſſed through the Center of that of the Sun, ſo as that 


two Lines drawn through the two Horns of the Sun, made, with the com- 


mon Semidiameter, two Equilateral Triangles. 
The Beginning and Middle of the Ecliple happened to be in the North- 
Eaſtern Hemiſphere, and the End in the South-Eaſtern. The firſt Contact 


= (as 'twere) of the two Disks, was obſerved in the ſuperior Limb of the Sun's 


Disk, in reſpect to the Vertical Line; and in the inferior, in reſpect to the 
Ecliptick. But the Middle and the End were ſeen in the ſuperior Limb, in 
reſpect both to the Vertical and the Ecliptick : And, what to M. Payen ſeems 
extraordinary, both the Beginning and the End of this Eclipſe happen'd to 
be in the Oriental Part of the Sun's Disk. 


3. The Eclipſe began about 4 o' Clock in the Morning, at ph. 151. The 54 Madrid ; 
| ih. SI s the Fo! # 
| Sandwich. P | 

Ibid. p. 296, 


Sun's Altitude was 6”. FF. | 
The Middle of it was at Gh. 2%, The Sun's Altitude 15. 5“. 
The End was exactly at 7h. 57. The Sun's Altitude 25. 247. 
The Duration 2h. 44. | | : 
Thirty-ſeven Parts of the Sun's Diameter remained light, and 63 were 


darken'd. | 
4. In this Eclipſe it is chiefly obſervable, That the Semidiameter of the Ju: Dantzick 
Moon, from the very Beginning to about F or 6 Digits of the increaſing HM. Hevelius. 
Phaſis, was almoſt equal to the Semidiameter of the Sun; but, after the N17. 1387. 
greateſt Obſcurarion, when I again contemplated the Moon's Semidiameter, I 


found it 8”. or 9/!. bigger than that of the Sun; fo that the Semidiameter of 
the Moon was not always, during the Eclipſe, conſtant to itſelf. Of this Va- 
riation the excellent Vinael Bullialdus hath alſo obſerv'd ſomething at Paris: 


For he hath written to me, That in this ſame Eclipſe, the Semidiameter of the 


. Jun to the Semidiameter of the Moon was, as 16/. 9/”. to 16/7. 22 /. but that 


in another Phaſis of 6 Digits, the Semidiameters appeared equal. 
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XXXII. 
An Eclipſe of the 
Sun, Jun, 23, 
(St. N.) 1675, 
_ et Dantzick; 
by M. Hevelius. 
N. 127. p. 660, 


An Eclipſe of the 
Fun, June 1. 
1676. at Weſt- 
miner; by 
Mr. Francis 
Smethwick. 
N. 126, p. 637. 
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Tempus Obſervatum fuit cum Horologio Oſcillatori 
tiones. Tubus adhibitus fuit bonæ notæ, pedum 7 
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T. | 
o, Correcto per Obſerxa- 
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Temp. 
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Hiſce Obſervationibus peragendis Socium acciveram Amicum meum 
Ed. Halleium. Tubos præparaveram duos, alterum Digitos 1965. longum, 


Menſuras; alterum Digitorum duntaxat 1032, quocum & Micrometro meo, 
11s adſcriptas Menſuras Halleius cepit; in duabus tamen ultimis Animadverſio- 
nibus, Ego Minori Tubo & Micrometro meo (in hunc uſum altero accomoda- 
tiore) Diſtantiam cepi Azimutharum, per Solis Limbum Lucidum, & Cu— 
ſpidem proximam Eclipſis decidentium; Halleio interea Partes Lucidas & Cu— 
ſpidum Diſtantiam majori Tubo dimetiente. Paulo ante Initium advenerat 


At Greenwich; 


by Mr. Flam- 


quocum & Micrometro Townleiano, Ego iple octo Phaſium priorum cepi * 4 
127-662. 


Nobiliſſimus Præſes Regiz Societatis, Dom. Vice-Comes Brouncker, qui Men- 
ſuram Diametri Solaris, Tubo Longiori captam, ſuo Judicio probavit. Hora 


7. 4) Sol primum per Nubes apparuit. Obſervata deinde {ic ſe habue- 
runt. | | | 


Phaſium 


by M. Colſon. 


T guunpu uta | Temp.Corrett. 9 2. 1 
Horol. Ofeil. Phaſes. | Sol. Alt. ex Altit Ar Wapping 3 
— — — — — — — wa. 
h. f EE „„ © i I 1 | 
34 0 nf 2017-7 : 36 - © 
T7 37 14 33 10] 7 38 400 
7 0 199 3917 49-45 5” 
7 Fo 4007 Digit. I] 7 F1 Fr|Tubo Optico æſtim 
8 8 34|14 Digit. 8 9 4F|Tub.Optico menſurq 
8 17 25]25 Digit. 8 18 36 
8 27 10 z Digit. [8 28 21} | | 
9 39 11 Digit. ö 9 40 Tubo zſtim. 
9 43 . 9 44 
1.9 4 oz Digit. 9 49 
9 54 25 [Non Finita. . 
„%%ͤ„;ũ Q. | - 9 17 3» 
"4 436 -F 32 ia 4 20 F6 
4 28 68 31 $3] 4 29 F2 
4 31 2 | 1 3 | 


Fig, 125, 


| 


( 286 


— 


17 54 yo] 7 5; yo 


7 46 00] 7 45 00] Nulla Eclipſis 
| 9 0 Eluctati e Nubibus 


tus apparuit. 


| 
21 7 58 24] 7 57 24e 2040 =10 10 
3 8 O4 12 8 O3 1210 2779 =13 56 
+ 4 18 75 1 Iz 40IC 3580 =17 72 
58 18 37 17 235 =24. 5 
6] 1 21 06] $ 21 33 de ; "Pre Oy 
1 Sol. Diamet. 6360 =31 43 
L195 20 011 3 27 or] 
818 29 ox] 8 28 ox ſPL———456\=21 46 
9| 8 35 12] 8 34 12|PL 4475 =22 18 
ol $ 40 20] 8 39 29]l C AA] BE 6% OD! 


— ä nt. 
* 


10 O4 oo a 03 oo fdeficere compertus. 


. 


Margo Dexter Eclipſa-| 


PL—3198 =26 18 
[ C—2334 =29 13 
PL —2989=24. 35 


JPL—2888=23 57 


L—2310=19 on 
\L—2070=17 OZ 


10 02 00[10 O01 00 Sol deinceps ſub Nubibus receptus latuit uſque 
ad Emergentis Limbus per Nubes Defectu Liber 
apparuit; prodibat clarius, & nihil 1 in ejus Limbo 
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Pro Corre&tions Horologji, acceperam  pridie Tal 5 Mas 31. Mane. 


Alt. & Tem. * inde ſup. Errors | 


Lor Toro | 
| 7 75 ” 15 I 0 Ul | OW 1167 " 
LORE TAB 3 * FN Th 
| 7 07 12 Altitudinem Limbi Solis Inferioris.] 27 47 | 7 06 oi 03 
7 10 16 8 8 ejuſdem Limbi.] 28 16 7 0 19 * F7 
Et | Iterum Jun. 1. 5. 5 | ” 15 
J 32 oO Altitudinem Limbi Solis Inferioris.] 22 06 | F 31 o6| 3 F6 
F J 23 Limbi Superioris.] 22 067 34 34] 0 49 
1 Inferioris. 10 6 44 18] 0 75 
3 Denique Jun. 2. m. - . 
8 9 ＋Altitudinem Limbi Solis Inferioris.] 37 34 8 08 4x] 559 
1 — — 6868 8 12 34-3. 93 
8 17 44\— — —ů — 138 28 
8 17 71— —— — — 47 | 
8 20 De mmemmmmn— I. 2 8 18 491 11 


Unde liquet & Motus conſtantiam ſeryaſſe Horologium, & in Ecligſi debite 
fuiſſe correctum. 


Hora 
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Hor. Horol. | Corrett.per | 3 

O/cillator. | Lin. Merid.\ Menſuræ. Phaſium. 
h. 8 h. 1 5 3 
8 06 4x] 8 8 27j[ C 1199]10 oy forſan 1109 = 14 50 
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9 oo oof 9 01 42[PL 1801[24 33 
9 12 34] 9 14 16jJI C 13f57]18 25 | 
%%% ũ ũ 3711 . fo 77 | 
9 41 15 9 42 f7IPraciſe deſiit Eclipſic, quantum per Aeris 


Vibrationem potui dicernere. Exitus Locus adeo Vertici vicinus erat, ut in 
quam ab ea partem inclinaret, bene non potuerim definire; etiamſi hora 9 29". 
per Horologium Cuſpides Horizonti apparerent Parallelæ. | | 
Solis Diameter hora 9. 10/. erat 2334; ſatis ut putavi præciſe. 

Deinde, accedente ſole ad Meridiem per Lineam longam Meridianam, Ho- 
rologium juſto tardius inventum fuit ſcrupulis 1 7. 42“. Magno autem Aqui- 
noctiali Sciaterico, quo medias minoreſve Scrupuli horarii partes poſſum diſtin- 
guere, Horologium toto hoc mane tardius duntaxat 47. Correctioni tamen 


per Lineam Meridianam potius quam Sciaterico fidendum puto. 
Fu. fol, Nihil ſub Sole. TO 


7 Fo; Initium accurate. 

7 Notabilis defectus. 

9 oo Digiti 3x. 

9 - II Digit! T7» 

0 1 Digiti 21 88. | 

9 47x Non Finita; Imminente Fine. 


6. Cum Sol è nubibus emergeret, Altitudinem graduum 48 accedens, ad eum 
direxi Quadrantem, quem ad hanc Altitudinem immotum tenui. Ex quo, Solis 
Margo ſuperior a, tetigit Filum Horizontale c d, in Foco Teleſcopii, ad adven- 
tum Centri h, fluxere ſecundæ horariæ 104 = ab vel br; A tranſitu Centri 


bad tranſitum Marginis Lunæ Superioris o, Secundæ 11 = bs, A tranſitu Cen- 


tri i, ad cornu Superioris occidentalis e, fluxere Secundæ 272: = eh; Atran- 
ſitu Centri h, ad tranſitum Cornu Inferioris & Orientalis z, Secundæ 93 , 
Hinc determinatur Linea Cornuum (ie ſecluſa variatione) ejuſque Inclinatio ad 
Horizontem IE; & Pun&um concurſus Tangentis Lunam cum Secante ip, 
& Tangens ipſa po, Media proportionalis inter 2% e; & Anguli ꝝ 0 e, 07, 
hinc Angulus e; & Triangulum ie, Lunari Circumferentia inſcriptum. 
Ex us, aliiſque ex Aſtronomia datis, deduxi 
Initium eſſe debuiſſe Pariſiis — 7. fy". 
Finem vero — — — 10 12. vel circiter. 
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At Townley ; 

by Mr. Rich. 

Townley, 
ID, 633. 


Fig. 125. 


1 
At Wing field,. 
near Derby; by 
M. Imman. 
Halton. 
Ibid, p. 661. 


At Paris ; by] 
M. Callin. 


| Fig. 126. 


| 7. 
A. Dantzick; 
by M. Hevelius. 
| Ib, 2 656, | 
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Tem. juxta Tempus ex © | 4 
Sciateric. | Alt;izad. |Altit, Sol. | & Magnitudo Animadvertenda. 
S Hor. OV . correct. I] Phaſium. 
ö — — < | —_ — 1.8 ho — be e At IE wy e 
** -*-- Th: a 
7 58 10]36 17 7 F8 18] : 
8 1 3036 41 08 x 6 ä 
S 3 3037 3 8 339 3 3 
8 50 30 1668 Sol omnino purus apparuit.| 
9 21 30 F Nihil adhuc in Sole. 
9 22 30 9 22 OI |Digtt. Initium Eclipſeos. 
| 9 24 10 9 23 40] 2ſt fere. 1 > 
9 24 FF 9 24 25] 3: Digit. 
9 27 28 9 27 of 41; Digit 
9 29 40 9 29 10] 11 Digit 
9 33 25 9 33 ost Digit. | 
9 36 30 9 36 F| 7|1 fere. 
| 9 39 35 9 39 o 8[2 Digit. | 
9 45 49 | o 4 2f] p45 Digit. 
99 f4 22 9 54 ofro[zz Digit. 
10 3 44 10 3 2201 I¶ A Digit. | 
10 8 30 10 8 102 H Digit. | 
10 18 171 10 18 oſtz r fere. 
10 22 42 10 22 2214 pau. plus. 
10 26 19 10 26 © If [43 1 
10 35 24 Io 37 611614. 227. Hora 10..31*. 0”, fere, |: 
10 38 63 ro 38 38|17]44 fere. Max. incidit Obſcuratio 
10 47 34 ro 47 20018 ½ Dig. fere. 
10 573 49 lo 53 3019 Y Digit. 
o 578 17 10 58 8 EO IBZ Digit. | 
1 [1 F 20 EI IEE Digit. 
11 8 fo 11 8 444½z2 lz Digit. 
1 22 13 11 22 823 14 fere. 
[1 29 14 11 29 1024 U * 
11 11 35 20|zf] * 3 | 
I1 36 59 [1 36 FF f E paul. plus. | . 
11 39 IF 1139 17 Nond. Sol omnino purus extitit. 
11 39 40 111 39 40 Finis Eclipſeos. 
4 18 10033 13 o 18 19| | 
4.20: 0132-24 oft 20 361 
2. Semi- 
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Ex Calcu- Ex Obſer- wt | 
/o Rudolph wat. Diff. Temp. 


* 1 
— 22 ů — - — — — 


0 I FF 3- © { „„ Ic, 


* 


4 — 


BB 


3emid. ©] o IF © 


Semid. (Jo 17 3jo 13 F3j 1010 © 0! 
| ) 10.2. Ol 

0.14 of t 3 + 0 
J 
VVV 


| h 7 17 U 1 T 
Duratio. | 1 Fo FF] 2 17 47 


. | 5 


2 
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1 


8. Diebus præcedentibus, locum aptiſſimum clegimus in quo Acre Puro , Avignon; 
krueremur, videlicet Conventum RR. PP. Carmelitas um Diſcalceaturuue, qui re- H u. Gailer, 


ſpectu Civitatis Aven. ad Ortum vergit, & mœnia ſtringens, Acre, Fumo & 
Vaporibus urbanis libero, gaudet; in medio Horti Cameram Obſcuram Tape- 
tibus conſtruximus, & in ca Inſtrumenta ad obſervationem neccflaria ritè col- 
locavimus. 5 er BE, Sk | 5 

Tuboſpicillum aptavimus, Lente Oculari Concavi, & Objectiv Convex1 
inſtructum, duplicem habens motum firmo Suſtentaculo, Verticalem ſcil. & 
Horizontalem, affixam Tabellam immobilem firmaris cochleis ſecum circum— 
ducens, Oculari Vitro ſemper parallelam charta candidiſſima indutam, in qua 
Solarem Speciem, diſtantiiPuboſpicilli determinatam deſcripſimus; hujus Dia- 
metrum Circulis Concentricts in duodecim Digitos diviſimus, & quemlibet 
Digitorum in partes Sexageſimas. 1 

Loco Quadrantis, qui pluribus indiget cautionibus, & nimium obnoxius eſt 
vacillationibus, Gnomonem ad captandas umbras Solis, in partes 490 optime 
diviſum diſpoſuimus, ita ut libere moveretur, Situm Verticalem ope perpendi- 
culi conſervans. Tandem Horologium Rotatile, minuta prima & ſecunda 
indicans, motu Penduli cum Cycloide præparavimus. 

Ipſa die Eclipſis undecimi Junii, hori una circiter poſt ortum Solis, uſque 
ad Initium & Finem Eclipſis, Speciem ejus Lucidam in Charta, ſine intermiſ- 
ſione recepimus, & quilibet ex nobis Inſtrumento ſibi deſtinato ſemper invigi- 
lavit; Dominus de Beauchamps Muſarum Avenionenſium Mecenas Ampliſſimus, 


ego quoque cum illo, Tuboſpicillo; Dominus de S. Florent, Viſus perfpica- 
ciſſimi, Gnomoni; Dominus Moutonier, Horologio, cum Domino Marii Preſ- 
bytero, in Mathematicis & præſertim in Horologiis verſatiſſimo. 
gratim ac ſenſibiliter coepit Umbra Diſcum inire, quantitatem partum Ob- 
ſcuratarum, Umbram in partibus Gnomonis, & Horam horologii notavi è di- 
recto primæ Phaſis, & ita collegi Phaſes 39, contentas in ſequenti Tabella. 


Vo I. I. | p p 5 | Num. 


- 


N.14t- p. 1020 
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i Umbra Gno- | 
4 S Dig. non. in par-] Altitudo Hora Ho-\Hora cor- : 
| S|] Ob- pibus quali-] Solis Ap-| Altitudo frologii Pen- recta per | 7 
I cur. um Gnomon| parens. Solis Vera uli. Altitudi- Z 
bo Fontinet nem Solis. | x 
400 | _ = 
D. '| s 4 4s 7 a 79 b. 5 . 
11 27] fi [hy 29 2387 28 48] 7 yo 310 7 50 344 ; 
21 536 P36 44 9136 43 28] 7 57 2/7 57 280 b 
315 zo] „ 7137 $3 Tr 8 2 J 6.15 7 | i 
33 478 Þ9 yy 2339 $4 778 J 148 if 13 ; 
53 25] 466 J 38 30148 38 6]8 19 0 8 19 14] ; 
614 300 438 (42 24 1442 23 538 29 19 8 29 61 5 
| 71+ 4] 434 [42 39 1842 39 37]8 30 5918 30 34% 
85 424 [43 19 $3143 19 32] 8 34 3418 34 18| i 
9 y 3ol 412 144 9 1244 8 52] 8 39 19 8 38 56 | ; 
1006 þ| 394 [45 10 574 10 39] 8 44 74 8 44 OTOL = 
1116 4% 375 6 35 Js 3y 33 8 $3 19] 8 J 47 i 
126 fo 371 146 $4 15]46 $4 o| 854 540 8 54 31 : 
137 of 466 147 17 3o[47 17 14|8 56 44|8 76 44) = 
14% 200 350 |48 30 37]48 30 23] 9 3 44] 3 44\Maxima Obſcu-h D- 
157 8 339 8 29 lol 28 5869 9 1419 9 If ratio. $ 
16/7 © d 5 
17 35] 327 [fo 39 22jfo 39 10 9 If 574 9 16 12 ! FH 
1816 2x] 321 [i o 12/1 o of 9 18 149 18 11 5 
Ivf 25] 296 fz 10 291f3 10 199 31 Flo 31 110 E 
20 | 286 yz 55 1453 55 5 35 440 9 35 30 z 
2104 4% 283 A 27 654 26 57 38 3909 38 43 EZ 
2214 35 8 9 42 3 "OR Parallel 
2316: 6 9 47 19 Horizonti. Ef 
2413 $3] 266 fs 3 35356 03 27948 41948 3] F 
1253 3jj 262 Ps 28 2976 28 2209 f1 29 9 51 11 8 
166 3% 262 s 37 3246 37 27 J 1109 fi 55 ; 
2713 26} 262 |f6 43 3456 43 27]9 52 34\ 9 #2 4 7 
2813 6] 254 7 iy 5957 15 53 56 5, 56 10 I 
2913 ©f | 9 77 | F 
50% 45] 249 TZ $0 4597 $0449 59 3449 yo 530 E 
310 3] 246 158 9 3258 9 26610 1 3440 1 53 E 
zz 27 243 |58 26 11,58 26 Fſlo 3 ojto 3 41 þ 
3312 Of | lo 6 46 | [2 
341 Fol] 236 5s 12 33f9 12 28jlo 8 #6710 8 47 2 
35,1 % 226 [60 16 #960 16 575/10 15 Fljio 16 o 1 
26] 400 220 60 56 2160 56 16/0 20 JJ 20 31 1. 
3700 „ il 1161 16 61 22 F4jlo 22 fo — 4 
380 200 214 {61 36 1261 36 8§ſo 27 oro 25 12 Cornu occidenta / 
39]Finis,| 209 62 6 2362 6 19110 28 41109 28 50 le verticale cur. 
2 j 25 = | Centro Solis. 


8 ä — — — * 
1 ” Froportio 
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Proportio Diametrorum apparuit æqualis in Ecliph 6 Digitorum, tune enim 
Cornua Solis Verticalia diſtabant a Verticali Solis hinc inde gradibus circiter z0. 
Unde patet Centrum Lunæ tunc reperiri Peripheria Solis, & Lineam Diacen- 
tron eſſe æqualem Semidiametro Solis. Verum poſt Medium Eclipſis, muta- 
tionem aliquam in Diametro Umbræ deprehendimus; apparuit enim Umbra pau- 
julum magis Convexa, & ideo Semidiameter brevior, ſed feie inſenſibiliter. 


: Hemp. per Jem. inde 21 Partes O3-\Partes J. | 
. rob . 1ab Obſer. Obſervationes. | ang 7% 29 gie ee 
* ſcillator. correcta. | , — erunt; 
„ I e eee —— ian. Solis. , | 
n. „ „h. | | mx 
4 zoſz 03 451Sol integer; tunc nubes - - -| ; 
| 2 21 2/2 12 17]Sol def. perexiguum ima Ora | 
| | 2 21 252 12 40/Partes obſcuratæ ſupra Scenam oz |. 
| JJ *5n $-9»* "q MG 20 
| LIST HE fo.» 79 
| JJ! ( | 
Eo TE EE OO, 
; | 3 9 F[z oo 2o[Centrum - - = = = 20 1 
v 3 10 403 I 19] = = - = - — + # O7 
| n 8 * 
: / c 41 
: | : 13 5 : S Cornua Horizontalia - +< - F 
L [3174 8 ----- 8 | 
P77 YG En Goes: 12 30] 
y % „ 9 = 
F % CCTV 
: %%% / 6 cx | 
BE 3% d : | 
CCC 
3 43 3 J 44 
6 —. K = - „ a I 
| 1 * 40 30 Cuſpis inferior ad Nadir Solis | 
VVV 1 | 
3 54 203 4x 35|Centrum - - = 16 
BE = + Ja IE: | 
) a NE 7 | 
4 6 8 fFiIſgp fire 12 
4 8 474 00 ooo =» - = - = = 4 
416 32 2888222 = = = = 
: 17 n 4 20 Cuſpides Verticales diſt. 84 gr. | 
4 24 84 157 23|[nter Cuſpides - - - - 7 34 
Is 14 26 10-30 =>; = 7 | 
EB. I 4 18 — "BH Cuſpides = Is 35 
GGG > -.- 4. 24 4 
4 30 3214 21 47|Inter Cuſpides - - = - a 
5 433 1 
4 36 22144 27 37 Finis accurate 
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XXXIV. 
An Eclif ſe of 
| te Sn, July 
24. 1684. at | 
Greenwich; by 
Mr. Flamſteed. 
N. 162. 2. 691. 


De- 


(6292) 


Deinde ad Errorem Horologii inveſtigandum. 


Fhr-Ehrol.| Diftantie @ Pertice. [Hor. inde ſup Error. Ir | 

— — | * = . — —— —— 
1 1 

| 4 43 38 +34 F6}- 8-48 

4 45 48 4 57. 94:8) 1 

4 46 F6 4 35 1 © $: 49-- 
| 4 49 3 4 49 22 8 41 — 


| ear Paris; by 2. Alt. &. 700 Initium Elapſum erat, Sole Nubibus tecto, & Digitus cir-⸗ 
M. Bullialdus. deficieb 
N. 162. p. 653. iter deficiebat. 


Alt. &. 419. 15”. Paulo amplius quam Digiti 7. Artigit Digitos, ; 
Alt. . 299. 30“. Finis. 
Ar the Obſer- 3. The Beginning of the Eclipſe could not be ſeen, but was deduced from 
vatory; by M. the following Phaſes. The Apparent Diameter of the Moon appeared leſs 


* 1055 than that of the Sun. It was judged that the Dilatation of the Sun's Light, 
5. 713. might make the Moon's Diameter ſeem lels. 
| Phaſes. n= 2 Fai | Time. | 
5 — FL ne — — 
| "Th #7 #8 | | h. 5 it 
| Begin. | 2 25 30 72 Digits 3 * oo 
or 2 25 75 | Digits] 3 fy Fol 
1 Digit] 2 32 50 5 Digite 4 4 10 
2 Digits 2 40 oo J Digits] 4 12 25 
3 Digits] 2 47 40] A Digits] 4 19 15 
+ Digits] 2 $4 10 ; Digits} 4 257 50 
[5 Digits] 3 2 oo| |» Digits] 4 32 15 
5 Digits] 3 10 F. ſi Digit] 4 37 40] 
7 Digits! 3 20 10 | End: 4 43 23 
» + 5 | Phat | Lime. | | Phaſes. | Time, 
Hire and Po- — | F 
1 Begin-- h. 1 
3 | ning. . | 2 25 244 7 Digit] 3 73 34 
jr Digit | 2 33 2] |6 Digit] 4 3 5730 
2 Digits] 2 40 3oþ If Digite 4 11 3 
3 Digits 2 47 47] [4 Digits] 4 17 42} 
4 Digits] 2 54 4:} 3 Digus] 4 27 144 
5 Digits 3 2 4i] z Digit 4 31 F6 
6 Digit 3 12 6} |1 Digit 4 38 17 
7 Digits| 3 20 54 End. 4 43 27]: 
EL . — —-— 
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The Beginning was deduced from many Obſervations made ſoon after it: 
The Moon's Diameter appear'd then not to be more than about 30“; though 


by the Obſervations of her Diameter ſome Days before and after, ic was judged 
c But the Extremities of the Horns, on which depended rhe 
Exactneſs of the Determination, appear'd a little blunted. 


to be 


$074 


317.3 


6. The Beginning was at 
Greatneſs of the Eclipſe 8; Digits. 


| Phaſes. | Time | | Phaſes. | Time. | 
| [Leftharſh. ' "| | F 

* Digit | 2 29 300 | Digits] 3 51 200 
1 Digit] 2 37 49] |6 Digits, 4 2 2y| 
2 Digits] 2 45 25] IF Digus] 4 10 fol 

3 Digit] 2 48 34 ]; Digits] 4 24 31 

4 Digit:| 2 54 3o] |» Digits] 4 29 54 
Digit.] 3 3 oo| [os fere. | 4 41 oo 

6 Digit:| 3 12 40 PS. 

7 Digit:| 3 22 18 

2 Digit. 3 38 4 

2h, 741. 3001. 


The End at 5. gf. 9“. 


781. Bur at 4h. 


= Time. 
— — 
Phaſes. By Fix*d Stars \B 9 theSun. 
Ik 1-.* 16.5 1 
' Digirjs 47 431240 7} 
S. Digit 3 53 y2| 3 58 5 
1 Digit] 4 Fo 20] F 4 20 


g 5. 
At the collage 
of Lewis the 
Great; by R. 
P. Fontenay. 
Ib. p. 717. 


The A Air; by M. 
Gautier, 16. 
P 71 8. 
Re 


Ar Lyons; "by 
R. P. Paul 
Hoſte. Ib. 


At zh. 26“. 14 /. (by the Stars) the Diameter of the Sun and Moon 30“. 
201. 34%. the Diameter of the Sun 30“. 58 “/. of the Moon 


Phaſes. 


— 


—__ ai 


— 


, 
4 


—— — — 


The Beginning of the Ecliple - - = - 
The Edge of the Moon at the Sun's Center 
Ihe Horns Horizontal 
The Horns Vertical 


8 


Tiines. At the Bay de 
— — — Roſes; by M, 
h. 7 77 Ctaſlelles, Ih, 
2 40 O0 OY 

3 25 00 

3 40 00 
4 IF 09 


2 


The End of the Echple - = : 


The Greatnels of the Eclipſe about 2 of the Sun's Diameter, at which 


| Time Venus might be ſeen without Pain. 


9. The 


3 Cn . 
Ar Honſieur; 9, The Beginning was at 2b. 15“. 2“; the End, at 4h. 34”. 37“. The 
%%% d Glos. Greatneſs aps. cha i Digits, bur leſs than 9. 


— he hen Ah OE A  -y.e 
— * N q e 
c F ö 
N= £38 7 eee 2 a N 
8 e eee 


A Par ;byR. 10. At 15h, the Eclipſe was not begun: At 3. at 10 Digits: The End 
P. Richaud. ib. at ,3h | 
45. | | 
TS Phaſes. Time. | Phaſes. | Time. | | 
At Avignon; 5 h DOS DIA anew ——— 1 
"ak Bonfa. The Be- h. # | . 


Iginning.] 2 43 27 Horns Vert. 4 24 32 

it Digit] 2 51 5801 Dig. 1 164 

0 Digity 4 2 oolThe End. 47 E 
The Sun's Diameter 31'. 38”: The Moon's 30“. 6“. | N 

-4r Oxford ; 12. Phaſes Quadraginta hujus Defectus captavit definivitque bona manus | 

+ 1 Walliſii. Tempus etiam juſtum „ 7 ejuſdem 4 7 Altitudinibus 

nerd. Viri D. Caſvellus & D. Rookius, ubi 


Nen aliquot Solaribus comprobarunt Clariſſimi 
AE Horologiis & Oſcillis noſtris fuerat peccatum. 


Hemp. Of- | 
ſcillatoria d 
Cl Cor- 
rect. \ | 


5 : -4 : 
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03 oo[Initium Eclipſis. 
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2 50 og Medium quaſi Solem fecit d Ataggby, 


3 08 24 Obſcuritas Maxima, 
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Fins Eclipfis. 
13. Mr. Jacobs at Lisbon noted oh 2 -i+ Licken: 
The Beginning of the Eclipſe at Ih. 30“ exactly. 7. 749. 
The Ending at - - = 4 12. 
14. Mr. 4/þ and Molyneux, toward the middle of the Eclipſe, having a 7» freland. i. 
ſhorr View of the Sun, they judged that about 8 Digits were covered; at 
the Ending alſo having a faint View thereof, they aſſigned its End at 3". 
56“. p.m. wr | 
The fame Eclipſe was obſerved by one Mr. Osburn, nigh Tredagh. Initium 
1. $7.7. 30". Fans 35. 567. 20”. - PEE, 
15. Deſumebant Solis a Vertice Diſtantias D. D. Jo. Ludovicus Donellus, & Ar Bononia 3 
Nicolaus Ignatius Foanettus; Phaſibus determinandis tres aderamus, D. D. Jo. by 5. Domin. 


: : 8 x ; Gulielmini. 
Galeatius Manzius, Hercules Vanotus, & Ego. Obſervationes ſcribebat D. Gre- N. 203. p. 859, 


f 


gorius Maliſardus; Horas vero in Horologio notabat D. Bartolomeus Ferrarins, 


P - 


Horæ eru- Diſtan- ; | 
Horæ Ho- ſtæ ex Di-jtie Cen- 
rologii. | ſtantiis eb-[triSolisal Phaſes. 
3 ſervatis. PVertice. 
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20 dubia ubique. 
optima. | 
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o optima, 
exacta. 
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20 dubia. 1 2 
4 27 
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J77J)000000 rh «| 1 
| 4 27 44 4 28 4278 39ſDig. 7 20 | 
| 4 32 37 | Dig. 7 ſatis exacta. 
4 34 2 Dig. 6 477 
4 44 30 Ng. 6 30 
4 47 If] _— 
4 71 30 | Dig. 6 optima. 
| | + #4 33] 4 $3 $363 16|Dig. 5 30 exacta. 
14 58 2] 4 7 3863 yF6[Dig. 7 _ exacta. 
7 1 55 F Lt 264 32 Dig. 4 30 ſatis exacta. 
5 44 F 2865 19jDig. 4 Diligens ubique. 
F cf 6 2367 -20[Dig--3 30: exacmn. | 
7 10:30} 7 9-965 _- FIIDigp.- 3 exacta. 
7 12-35] F 13. 25j66 43Dis. 2 30 ſatis exacta. 
J 16 If] F 16 1467 iz Dig. 2 exacta. 
7 19 fo] x 20 24157 Dig. 1 30 exacta. 
F 22 30] y 23 21158 28[Dig. 1 exacta. 
| F 27 F 27 14158 4$[Dig. o 30 diligens. 
J 27 40 f 28 7690 18 Dig. o accuratiſſima. 8 


Notabile fuit; cum Quantitas Eclipſis fuerit Dig. 7. 200. quod non modi- 


cam Acris Offuſcationem debebat inducere, (ut alias multoties in conſimilibus 


Defectibus obſervatum eſt) nihilominus tamen vix ſenſibiliter conſuetum in 
Sole Libero Acris ſtatum mutatum fuiſſe; unde plurimis Solem non reſpici— 
entibus orta ſuſpicio, aut Solem non defeciſſe, aut minimum quidem; cujus 
quidem rei non alia mihi videtur aſſignanda cauſa, quam ingens vis Nubium a 
Sole maxime illuminatarum, quæ non multum ab co diſtabant; ab his enim 
Solis Radius per Reflexionem & Refractionem multiplicatus certe Intenſior 
redditus deficientem aliunde Splendorem potuit compenſare. 

e T be XXXV. I. Dr. Wallis writes from Oxford, that this Eclipſe of the Sun 
1687. a Ox- Was obſerv'd there about x a Digit, between one and two o'clock after Noon. 
ford. N. 187. 2, Hæc Eclipſis, etiamſi contemnendæ Quantitatis fuerit, ac nudis oculis 
J,, Aber, other non omnino g th otuerit, tamen ad accuratam Ae den Parallaxis & 


Places. N. 189. Latitudinis Luna 
7. 370, 


xime 1donea videtur. Fl 
Londini, ſeorſim obſervantibus Hockio & Halleio; Initii Momentum, Colo 
licet puriſſimo, ob obliquam Incidentiam Lunæ, debite Definire non licuit. 
Sed 1h. 16“. jam cœpta erat Eclipſis ſatis notabiliter: circa 1", 40“. prope 
Medium Eclipſis, Chorda partis Eclipſatæ, ſive inter Cornua, inventa eſt 9“. 
30. cui reſpondet Arcus 365. in Diametro vero non niſi 1“. 30“. 
conſenſu utriuſque Obſervatoris, contigit accurate 2. 31. O“. 
Grenovici in Obſervatorio Regio, Flamſteedius eadem de cauſa, Initium non vi- 
dit: Finem vero determinavit Zh. 4“. 151“. Medio Eclipſis five Maxima Ob— 

ſcuratione, Chorda Partis Eclipſatæ erat 9“. 74“. 3 

Apud Totes i4ge prope Londinum verſus Corum, Finem vidit D. Haines, 

R. S. S. ad 2h. 2. Quantitatem vero Maximam dimidii Digiti ab Auſtro. 
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In Inſula Barbada, ad Oppidum Bridge-Town, Finem habuit D. Frank, 10. zol. 
ante quam Solis Altitudo fuit 319. 45, ad ortum, hoc eſt 7h. 76“. 47“. Quan- 
titatem Maximam zſtimatione definivit duorum Digitorum ab Auttro. 

Norimbergæ eandem Ecliplin obſervavit F. P. Wurtzelbaur; Initium quidem 
accurate 1h. 78. circa Medium, ſc. ad 2". 361“. Quantitatem Maximam 
duorum Dig. preciſe; Finem vero ad zh. 18'. 33“. 

Ulme Suevie, Obſervavit Honoldus Initium ad 1h. 48“. Quantitatem Maxi- 
mam 27 Dig. Finem vero ad zh. 16“. 9 | 

Lipſiæ, obſervatore Kirchio, Eclipſis jam ſatis notabilis ad 2". 201. 100, ad 


26. 47. Digiti 14 circirer. Finis vero incidit preciſe in 30. 15“. 


Uratiſiaviæ Silefie denique obſervavit D. G. Schultzius Maximam Obſcura- 
tionem, paulo citius quam 3. 12“, fuiſſe 15 Dig. Finem vero 3". 37“. . 
XXXVI. I. I did not ſee the Beginning of the late Eclipſe, but the End a ll eas 


5 > 1 - 4 4 | Stn, Sept. 3. 
happen'd here, preciſely 240. 9“. after 10 o'clock in the Morning, apparent 165. * ON 


Time: The greateſt Obſcuration, which was 10 Digits and a Quarter, was 57 


D. Gregory. 


about 7 Min. after 9. N. 256. 5. 336. 
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ob} 
th From the Sch to che 12th Phaſis, the opake Limb of the Moon on the 


South- ſide was a little rough; but about the Northern Horn, to near a 4th 
part of the Segment, it was more ſmooth : But when the Horns of the Eclipſe 
were almoſt parallel ro the Horizon, before and after the 15th Phaſis, the Ex- 
tremity of the vous Limb of the Moon looking downward, was ſomewhat 
enlightned, and of a kind of Saffron Colour; but though the Sky was free 
from Clouds, yet no Stars were viſible. Nor was even Venus itſelf viſible in 
the open Air, unleſs by ſome more ſharp-ſighted than ordinary. 5 
Amongſt many round Plates cut out of thick Paper of divers Magnitudes, 
differing from one another 5. about the firſt Phaſis, and after, none agreed 
to the Limb of the Moon but that which was cut to a Radius or Semidiame- 
ter of 15“. 30”, (taking the Radius or Semidiameter of that of the Sun to be 
16. 4.) and that gradually ſo ſwelled or augmented, that larger Plates were 
neceſſary to be made uſe of; and about the 36th Phaſis, none leſs than one 


and conſequently, that the Diameter of the Moon, about the End of the 

Eclipte, did equalize, if not exceed, that of the Sun. Beſides, in the 27th 

Phaſis (when the obſcure Part was 6 Dig. 67.) the Body of the Moon did 

obſcure more than two 3ds of the Sun's Limb; which is an Argument that 
its Semidiameter at that time was equal to that of the Sun. 

. bers, bb. 3. This Eclipſe, by the Obſervations of Mr. Godfred Tuber at Ciza, began at 

fo 23» oh. and ended at 11k. 357. and increas'd to 11 Dig. By the Obfervations of 

Mr. Jacob Honold at Harvelſing near Ulm of Suevia, it began at 8h. 55. and 

ended at 11k. 310. and its greateſt Defe& was 10 Dig. And by Obſervations 

at Leipfick, it began at gh. 110. and ended at 12h 387. 30“. The greateſt Ob- 

ſcurity was 11 Dig. 200. which laſted from 10h. 167. 45“ for 6“. Ten Digits 


livid or wan Complexion, and more fad than it ufually looks with a clear Sk 


not renew it, till, by the Recovery of the Sun's Light, they had recoyer'd their 
former Gaiety and Mirth: However, we cannot learn that any Star, beſides that 
of Venus, was diſcover'd by thofe who were Spectators of it in the open Air. 
chendes likely to XXXVII. I ſometimes think that the Earth muſt appear, to the ſuppoſed 
1 Inhabitants of the Moon, to have a different Face in the ſeveral Seafons of the 
I Auron Vear; and to have another Appearance in Winter, when there is almoſt nothing 


Dec. An. 166. With Snow, others all cover'd with Water, others all obfcur'd with Clouds, 
| and that for many Weeks together; another in Spring, when the Forefts and 
Fields are green; another in Summer, when the whole Fields are Yellow, &:. 

Methinks, I fay, that theſe Changes are confiderableenough in the Force of the 

Reflections of Light to be obſerv'd, ſince we fee fo many Differences of Lights 

in the Moon. We have Rivers conſiderable enough to be ſeen, and they enter 

far enough into the Land, and have Breadth capable to be obſerved. There 

are Fluxes in certain Places that reach into large Countrics, cnough to make 

there ſome apparent Change; and in ſome of our Seas there float ſometimes 


ſuck 


deſcribed of a Radius of 16?. 5“. would agree with, or equal the Appearance; 


being oblcured, the Sky (being otherwiſe very clear) began to appear of a more 


when the Sun is ſet, or below the Horizon. The Cocks alſo, which had hitherto 
crowed very frequently, as if filenc'd, going to Rooſt, left off crowing, and did 


N. 7. 9.120. green in a very great Part of the Earth; when there are Countries all cover'd 
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1 
ſuch bulky Maſſes of Ice, as are far greater than the Objects which we are 


aſſured we can ſee in the Moon. Again; we cut down whole Foreſts, and drain 


Marſhes, of an Extent large enough to cauſe a notable Alteration; and Men 
have made ſuch Works as have produced Changes great enough to be per- 
ccived. In many Places alſo are Yulcano's that ſeem big enough to be diſtinguiſh'd, 
eſpecially in the Shadow. And when Fire lights upon Foreſts of great Extent, 
or upon Towns, it can hardly be doubted, but theſe luminous Objects would 
appear either in an Eclipſe of the Earth, or when ſuch Parts of the Earth arc 
not illuminated by the Sun: But yet, I know no Man, who hath yet obſerved 
ſuch things in the Moon; and one may be rationally aſſured, that no /#1can0's 
are there, or that none of them burn at this time. This it is which all curious 


Men that have good Teleſcopes ought well to attend; and I doubt nor, bur 


if we had a very particular Map of the Moon, as I had deſigned to make one, 
with a Topography, as it were, of all the conſiderable Places therein, that we 
or our Poſterity would find ſome Change in her. And if the Maps of the 


Moon of Hevelius, Divini, and Riccioli, are exact, I can ſay that I have ſeen 


there ſome Places conſiderable enough, where they put Parts that are clear, 
whereas I there ſee dark ones. Tis true, that if there be Seas in the Moon, it 


can hardly fall out otherwiſe than it doth upon our Earth, where Alluviums 
are made in ſome Places, and the Sea gains upon the Land in others; I ſay, if 


thoſe Spots we ſee in the Moon are Seas, as moſt believe them to be, where- 
as I have many Reaſons that make me doubt whether they be ſo. And I 
have ſometimesthought, whether it might not be, thatall the Seas of the Moon, 


if there mult be Seas, were on the Side of the other Hemiſphere, and that for 
this Cauſe it might be, that the Moon turns not upon its Axis, as our Earth, 


wherein the Lands and Seas are as it were ballanced : That thence alſo may pro- 


ceed the Non-appearance of any Clouds rais'd there, or of any Vapours conſi- 
derable enough to be ſeen, as there are rais'd upon this Earth; and that this Ab- 


ſence of Vapours is, perhaps, the Cauſe that no Crepuſcle is there, as it ſeems 


there is none, my ſelf, at leaſt, not having been hitherto able to diſcern any Mark 


thereof: For, methinks, it is not to be doubted but that the reputed Citizens of 
the Moon might ſee our Crepulcle, ſince we ſee that the fame is without Com- 
pariſon ſtronger than the Light afforded us by the Moon, even when ſhe is full; 


for a little after Sun- ſet, when we receive no more the firſt Light of the Sun, 


the Sky is far clearer than it is in the faireſt Night of the Full- Moon. Mean 
while, ſince we ſee in the Moon, when ſhe is increaſing or decreaſing, the 


Light ſhe receives from the Earth; we cannot doubt but that the People of the 
Moon ſhould likewiſe ſee in the Earth that Light wherewith the Moon illu— 
minates it, with, perhaps, the Difference there is betwixt their Bigneſs. Much 


rather therefore ſhould they ſee the Light of the Crepulcle, being, as we have 


ſaid, incomparably greater. In the mean time, we ice not any faint Light 


beyond the Section of the Light, which is every where almoſt equally ſtrong, 


and we therediſtinguiſh nothing at all, not ſo much as that cleareſt Part which 


is call'd Ariſtarchus or Porphyrites, as I have often tried; although one may 
there ſee the Light which the Earth ſends thither, which is ſometimes ſo ſtrong, 
that in the Moon's Decreaſe, I have often diſtinctly ſeen all the Parts of the 
Moon that were not enlighten'd by the Sun, together with the Difference of the 
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1 : 
clear Parts and the Spots, ſo far as to be able to diſcern them all. The Sha- 
dows alſo of all the Cavities of the Moon ſeem to be ſtronger than they 


would be, if there were a ſecond Light. For although afar off the Shadows 


To find the Pu- 
ralluax of the 
Moon; by 

N. 1. 7.151 „ 
Feb. An. 1665, 


of our Bodies, environed with Light, ſeem to us almoſt dark, yet they do 
not ſo appear ſo much as the Shadows of the Moon do; and thoſe that are 
upon the Edge of the Section, ſhould not appear in the like manner. Bur I 


will determine nothing of any of theſe Things. 


XXXVIII. At certain Times agreed on by two Obſervers, making uſe 


of Teleſcopes, large, good, and well-fitted for this Purpoſe, by a Meaſuring- 
Rod placed within the Eye-Glaſs at a convenient Diſtance, that it may be di- 
ſtinctly ſeen, and ſerve for meaſuring ſmall Diftances by Minutes and Seconds, 
(which is eaſy enough in large Teleſcopes). Let each of ſuch Obſervers, thus 
furniſhed, obſerve the viſible Way of the Moon among the fix'd Stars (by 
taking her exact Diſtance from any fix'd Star that lies in or very near her 


Way, together with the exact Time of her ſo appearing) and the then appa- 


rent Diameter of her Disk; continuing theſe Obſervations, every time for 
two or three Hours; that ſo, if poſſible, two exact Obſervations of her appa- 
rent Place among the fix d Stars being made at two Places thus diſtant in La- 


titude, and, as near as may be, under the ſame Meridian, by theſe Obſervations 


concurring at the ſame time, her true and exact Diſtance may be hence col- 
lected, not only for that time, but at all other times, by any ſingle Obſervator's 


viewing her with a Teleſcope, and meaſuring exactly her apparent Diameter. 


It were likewiſe deſirable, that as often as there happens any conſidei able E- 


cliple of the Sun, that this alſo might be obſerv'd by them, noting therein 


the exact Meaſure of the greateſt Obſcuration compared with the then appa- 


rent Diameter of his Disk. For by this means, after the Diſtance of the 
Moon hath been exactly found, the Diſtance of the Sun will eaſily be deduced. 


As for the Time fitteſt for making Obſervations of the Moon, that will be 
when ſhe is about a Quarter, or ſome what leſs illuminated; becaule then her 


Light is not fo bright but that with a good Teleſcope ſhe may be obſerv'd to 
paſs cloſe by, and ſometimes over ſeveral fix'd Stars, which is about four or five 
Days before or after the Change: Or elſe at any other time, when the Moon 
paſſes near or over ſome of the bigger ſort of fix'd Stars, ſuch as of the firſt 


and ſecond Magnitude which may be eaſily calculated and foreſcen : Or, beſt 


of all, when there is any total Eclipſe of the Moon; for then the ſmalleſt Tele- 


A Mcthod for 
obſerving Lunar 
Eclipſes; by 
Mr. Rcok. 


N. 22, p. 389. 


Feb. An. 1666. 


{copical Stars may be ſeen cloſe adjoining to the very Body of the Moon. 
XXIX. 1. Ecliples of the Moon are obſerved for two principal Ends: 
One Aſtronomical, that by comparing Obſervations with Calculations, the 
Theory of the Moon's Motion may be perfected, and the Tables thereof re- 
formed; the other Geographical, that by comparing among themſelvrs the 
Obſervations of the ſame Ecliptick Phaſes, made in divers Places, the Diffe- 
rence of the Meridians or Longitudes of thoſe Places may be diſcerned. 
The Knowledge of the Eclipſes Quantity and Duration, the Shadow“ Curvi- 
ty and Inclination, Sc. conduce only to the former of theſe Ends. The exact 
Time of the Beginning, Middle, and End of the Eclipſes, as alſo in total 
Ones, the Beginning and End of total Darkneſs, is uſeful for both of them. 


But 
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But becauſe in Obſervations made by the bare Eye theſe Times conſiderably 
differ from thoſe with a Teleſcope and becauſe the Beginning of Eclipſes, and 
the End of total Darkneſs, are ſcarce to be obſerved exactly, even with Glaſſes 
(none being able clearly to diſtinguiſh between the true Shadow and Penumbra, 
unleſs he hath ſeen, for ſome time before, the Line ſeparating them paſs along up- 
on the Surface of the Moon); and laſtly, becauſe in ſmall partial Eclipſes, the 
Beginning and End, and in total ones of ſmall Continuance in the Shadow, 
the Beginning and End of total Darkneſs are unfit for nice Obſervations, by 

reaſon of the {low Change of Appearances, which the oblique Motion of the 


Shadow then cauſeth: For theſe Reaſons I ſhall propound a Method peculiarly 


deſign'd for the Accompliſhment ofthe Geographical End in obſerving Lunar 
Eclipſes, free (as far as is poſſible) from all the mention'd Inconveniencies. 


For, Firſt, It ſhall not be practicable without a Teleſcope. Secondly, The 


Obſerver ſhall always have Opportunity, before his principal Obſervation, to 
note the Diſtinction between the true Shadow and the Penumbra. And, Third- 


ly, It ſhall be applicable to thoſe Seaſons of the Eclipſe when there is the ſud- 


deneſt Alteration in the Appearances. To ſatisfy all which Intents, 

Let there be of the eminentelt Spots, diſpers'd over all Quarters of the 
Moon's Surface, a ſelect Number generally agreed on, to be conſtantly made 
uſe of to this purpoſe, in all Parts of the World. As for Example, thoſe 


which M Hevelius calleth M. Sinai, M. Aitna, M. Porphyrites, M. Serorum, 


Iuſ. Besbicus, Inſ. Creta, Palus Meotis, Palus Maræotis, Lacus Niger Major. 
Let in each Eclipſe, not all, but (for Inſtance) three of theſe Spots, which 
then lie neareſt to the Ecliptick, be exactly obſerv'd when they are firſt touch'd 
by the true Shadow; and again, when they are juſt compleatly entred into it 
and (if you pleaſe) alſo in the Decreaſe of the Eclipſe, when they are firſt 


fully clear from the true Shadow. For the accurate Determinations of which 


Moments of Time (that being in this Buſineſs of main Importance) let there 
be taken Altitudes of remarkable fix'd Stars; on this Side of the Line, of ſuch 
as lie between the AÆgquator and Tropic of Cancer; but beyond the Line, of 
ſuch as are ſituate towards the other Tropick; and in all Places, of ſuch as at 
the Time of Obſervation are about four Hours diſtant from the Meridian. 

2. Eclipſis Lunæ, die 29 Oct. Ann. 1697. Obſervata eſt Roterodami per Te- 


erant Fila Quatuor, ſeſe in Axe interſecantia ad Angulos Rectos & Semirectos, 
ad Phaſes dimetiend is, ¶Macularumque Lunariumj ſitum determinandum. Hoc 
Teleſcopium impoſitum erat Fulcro habenti Axem ſitu parallelo Axi mundi con- 
ſtiturum, ut poſtquam ad Lunam directum eſſet ad unius Phaſis Obſervationem, 
poſſet ad alias Phaſes obſervandas per Lunæ Semitam ad Occaſum revolvi. Ita 
autem primo dirigebatur ad Lunam, ut eo immoto permanente Lunæ Limbus 
Borealis ſuo Motu ad Occaſum raderet unum ex his Filis, quod ideo Parallelum 
dicimus, licet ob Motum Lunæ in Declinationem Motui Lunæ ad Occaſum 
multo celeriori commixtum non nihil ab Æquatore declinaret dum Lunæ diſcus 
in reliqua tria Fila ſucceſſive incideret. Horum trum Filorum intermedium An- 


gulos Rectos cum Parallelo efficiens, Rectum Perpendiculare & Verticale appel- 
lamus. Reliqua duo Obliqua, quorum Primum dicimus in quod prius Luna 1n- 
cidit, Secundum Obliquum in quod Luna incidit poſterius. Initio 2 

| n | quando 


By M. Ia. Caſ- 
| e ni. 
leſcopium quatuor fere pedum Pariſienſium, Oculari Convexo, in cujus Foco N. 236. f. 13. 


Vid. infra. 
Set, LIY, Zo 


Fig. 12.7, 


E. 118. 
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quando Lunæ Punctum Borealiſſimum nondum in Umbra erat Immerſum, il- 


lud Filo aptavimus Parallelo. Deinde poſtquam tale Punctum Umbræ Immer- 
ſum eſt, eidem Filo aptavimus Auſtraliſſimum Lunæ Punctum. Unde factum 
eſt ut quod Filum initio fuerat Primum, in aliarum Phaſium determinatione fuerit 
Poſtremum, & Primum evaſerit quod Poſtremum fuerat initio. Cum autem Luna 
Limbus Filum Parallelum percurreret, Lunæ Centrum intelligebatur deſcribere 


Lunarem Semitam huic Filo Parallelam, quæ ab aliis tribus Filis ſecabatur. Por- 


tiones autem hujus Semitæ ſupponuntur proportionales Temporibus, quibus ipſas 
Lunæ Centrum percurrit, inæqualitas enim Motus Proprii univerſali Motui im- 
mixti exiguo Tempore imperceptibilis eſt. Cum igitur Lunæ Limbus Parallelum 


percurreret, obſervabatur beneficio Horologii Pendulo inſtructi, & diebus præce- 
dentibus ad Solem comformati, Tempus adventus Lunæ Macularum aliquot & 
Lunarium Cornuum ad hæc tria Fila, & deprehenſum eſt dictæ Eclipſis tempore 


Lunæ Diſcum tranſire per Filum Rectum, 27. 24”. per Fila vero Obliqua 3“. 24“. 
ideoque Semidiametrum Lunæ tranſire per Rectum 1“. 12“. per Obliqua ve- 
ro 17. 421. Differentia utriuſque Tranſitus exiſtente 30“. Hine obſervato uno 
Appulſu Lunæ ad quodvis horum Filorum, vel uno Egreſſu, dantur omnes alii 
ad reliqua Fila. Semidiameter Lunæ AB, jacens in Lunari Semita ABCDEEF, 
pertranſit per ejus pun&tum quodlibet dum Centrum A percurrit ſpatium ſibi 
æquale A B, ut alia Semidiameter A K, Angulum Rectum efficiens cum alia 
recta Linea N CK ad punctum K, in quo proinde Lunam cont inget in K, ab 


ejus Semita declinans Angulo K C A, tranſit per ipſum Filum CK, dum Cen- 


trum Lunæ percurrit AC, Hypothenuſam Trianguli Rectanguli AKC; eſt- 
que Tempus Tranſitus Semidiametri AB, per Filum perpendiculare Lunam 
contigens in B, ad Traſitum Semidiametri A K, per Filum Obliquum N CK, 
ut AB, vel AK, Sinus Anguli ACK, ad AC, Sinum Anguli Recti, five 
Radium. Filo igitur N CK, faciente cum ſemita Lunæ Angulum K CA Se- 
mirectum, & Angulus K A C, in Triangulo Rectangulo, Semirectus erit, ideoq; 
Latera CK, K A, æqualia, erit Tranſitus Rectus ſecundum AB, ad Tranſi- 
tum Semidiametri A K, per Filum Obliquum NK, ur Sinus Anguli Semi— 
recti, ad Sinum Anguli Recti, ut 707 ad 1000, five ut 72 “/. ad 102“ vel 


17. 42!!, fere, ut obſervabatur, Lunaris Centri Semita exiſtente A H, Lunæ 


Semidiametro ipſi perpendiculari A M, ducta M N O, Parallela ipſi A , 
ya congruet Filo quod Lunæ Limbus motu ſuo ad Occidentem radet, quod 
ecabitur ab Obliquis N C K, NGI, & a Recto NEP, in puncto N, qua 
tranſit Axis Teleſcopi; facietque cum his Filis Lunaris Orbita duo Triangula 


Rectangula NEC, N E G, quæ ſupponuntur habere Angulos Semirectos 


ad puncta N, C, G: Sunt ergo Similia & Æqualia, habentque Latera CE, 
EG, EN, Aqualia Semidiametro Lunæ A M. Si hinc inde ab interſectioni— 
bus, C, & G, accipiantur in Filis ipſi Semidiametro æquales CK, CS, GT, 


GR, & in orbita CA, CF, GD, GH, æquales CN, & jungantur AK,FS, 


DR, HI, erunt ipſæ omnes æquales inter ſe, efficientque ad Fila Angulos Re- 
ctos ad K, 8, R, I. Quare centro Lunæ exiſtente in A, Luna Tanget Pri- 
mum Obliquum in K; & poſtquam Centrum Lunæ venit ab A in C, ejus 


Semidiameter congruet Lineæ CE, ideoque Luna tanget Filum Rectum in 


E. Poſtquam autem Centrum Lunæ venerit ab A in D, tanget Secundum 
Obli- 
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Obliquum in R. Eſt autem AD æqualis Diametro Lunæ, nam cum GD fir 
æqualis C A, addendo D C, habebitur AD æqualis G C, qui quidem eſt Diame- 
tro Lunæ æqualis. Sed cum GD {ir æqualis C , fi ab his auferantur æquales 
GE, EC, erit FE æqualis ED, & erit DF dupla; tantumque erit à Contactu 
primo Secundi Obliqui in R, ad Contactum ultimum Primi Obliqui in Sz & 


poſtquam Centrum Lunæ progreſſum fuerit in G ad diſtantiam Semidiametri 
, Centro progreſſo 


unius E G, Luna continget ultimo Filum Rectum in E. Luna 


2 in N, ipſa tanget ultimo Secundum Obliquum in I. Suppoſito igitur tran- 
ſitu Recto Lunæ fieri 20. 24“. ut obſervatum eſt. Et, 


D:ff. Contact. 

1 | | / FS / 17 
Poſito Centro in A, & contactu Primi Obliqui in K - --- o of 1 42 
Centrum Lunæ erit in C, & continget 10. Rectum in E 1 42] O 42 
Centrum perveniet in D, & continget 10. 2 Obliquum in R 2 244 o 30 
Lunz Centrum erit in E, Filo intermedio Perpendiculari - 2 744 o 30 
Centrum perveniet in F, & continget ultimo 1 Obliquum in8S 3 244 0 42 
Centrum erit in G, & continget Ultimo Rectum in E - -- 4 6] 1 42 


Erit tandem in H, & continget ultimo 2 Obliquum in - 5 48 


Hinc Cuculo correſpondebant ut plurimum Obſervationes in hac Eclipſi intra 
Secundum unum. Sufficiebat igitur in una Phaſi obſervare duos in his Tranſiti- 
bus in reliquis Phaſibus unum, ut reliqui omnes innoteſcerent. Quod ad Luna- 
res Maculas attinet; Comparatur Tranſitus Marginis præcedentis Lunæ & 
Maculæ per Filum Rectum ad habendam Differentiam quam dicimus Longi- 
tudinem Maculz à Margine præcedenti: & Tranſitus Rectus Maculæ compa- 
ratur cum Obliquo ad habendam Differentiam quæ æqualis eſt diſtantiæ viæ Ma- 
culæ a Semita Puncti Borealiſſimi vel Auſtraliſſimi radentis Filum Parallelum. 


Cum enim via Maculæ ABC, Parallela fit viz Marginis DEF, eoſdem cum 


eiſdem Filis Angulos facit Semirectos ad A & C, Rectos ad B, unde Angulus 
ad A, æqualis eſt Angulo ad C, & Latus B A, æquale Lateri B E, Latitudioi Ma- 

culæ B a Filo F E D. Data autem Longitudine & Latitudine Maculz datur 
ejus Situs in Luna. Deſcripto quippe circa ipſam Quadrato cujus Latus AB, 
intelligatur congruere Filo Parallelo, & ſit diviſum in tot æquales partes quot 
Secundis Luna per filum Rectum tranſit, Latera vero A C, BD, ipſi Filo per- 
pendicularia {int in totidem ſimiliter partes æquales diviſa. Sumpta in Parallelis 


Longitudine AE, CF, & Ducta F E, & in Perpendicularibus Latitudine A G, 
BH, quam æqualem dicimus viz interceptz inter Rectum & Obliquum, de- 


terminatur Situs Maculæ M, in communi harum rectarum Interſectione. 
Quod ſpectat ad Lunæ Cornua in Eclipſi, ipſa determinari poſſunt ſola ILon- 


gitudine, modo ſciatur quo in Semicirculo, Auſtrali vel Boreali, ſint. Ut Cornu 


}, per Longitudinem AE, vel CE, recta quippe FE, Lunæ Marginem ſecat 


in Auſtrali. Poteſt etiam determinari ſola Latitudine A K, vel B M, modo ſcia- 
tur quo in Semicirculo, Orientali vel Occidentali, fit Punctum I. Ex Lineis au- 
tem Longirudinis & Latitudinis illa exactius Situm Cornu determinat, qua 


Latitu- 


in duobus punctis L & I, quorum unum eſt in Semicirculo Boreali, alterum 


propior eſt Centro; ut hic punctum I, exactius determinatur Longitudine quam 


Fig, 129. 


Fig. 130. 


. 
by” 
LJ 
NY 
* 
2 
i: 
* 
or 
+ 
* 
+ 
1 
. 
» 


'F 
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Latitudiue; è contra Punctum O exactius Latitudine quam Longitudine, id- 
que ob minorem Obliquitatem Lineæ rectæ ad Circumferentiam, qua efficitur 
ut exigua variatio Diſtantiæ taagis ſir in Circumferentia ſenſibilis. Alia rati- 
Fig. 131. One per Obliquos Tranſitus determinatur Situs Macularum & Cornuum Lune, 
ſi Linea AD, Parallela Semitæ Lunari PQ, ipſius Maiginem tangent!, fiat 
Diameter quadrati Lunæ Circumſcripti quæ div idatur in tot æquales partes 
quot Secundis Luna per Filium Obliquum pertranſit, ut in hac Eclipſi in par- 
tes 204. Hujus Quadrati duo Latera AC, BD, Primum Obliquum repræ- 
ſentabunt, utpote illi Parallela, reliqua A B, C D, Secundum Obliquum, 
ſumpta autem Differentia inter Tranſitum Marginis Præcedentis Lunæ & 
Maculæ M, per Obliquum, in Secundis horariis ab Angulo præcedente ab 
A in T, & ducta per T Recta EF, Parallela Lateri, AC, & ſimiliter ſumpta 
ab eodem Angulo A, differentia inter tranſitum Marginis præcedentis K, & 
Maculæ M, per Secundum Obliquum AB, ut AV per punctum V, ducatur 
Recta GV, Parallela Lateri A B, repræſentabit Secundum Obliquum ſe- 
cans Priorem in Puncto M, ibique Situm Maculæ determinabit. Eadem 
ratione determinabitur Situs Cornu E, per Differentiam ipſius Tranſitus & 
Marginis per Primum Obliquum ſumptam in Diagonali ut AT, Situs Cornu 
, per differentiam ipſius Tranſitus per Secundum Obliquum AB, ut AV, 
& ducta per V, Recta GH, Parallela Lateri A D, modo ſciatur ſitne Cornu 
in Semicirculo Præcedente aut Sequente. 


«An Eclipſeof tte XL. The Tables did not indicate an Eclipſe of the Moon, July 27. (N. §.) 


3 1665. but tho' the Sky here was very clear, yet the Moon was not at all 

zick; by M.He- obſcured by the true Shadow, but entred only a little into the Penum- 

apo . 348. bra, wherein it continued yo'. The Beginning of its touching the Penum- 
bra did then almoſt happen, when Aguila was elevated 36*. 18“. 


gy or XLI. In the Eclipſe of Zune 16, (N. S.) 1666, the firſt Phaſis of 1 Dig. 


A. 1666. by M. 45 *- appear'd in the Moon's Altitude of 29. zol. when the greateſt Obſcura- 


Hevelius. ration was already paſt. The End fell out ph. 27“. about 1200. from the Ze- 


Ibid; p. 348. . 
N. 21.5. 371. nith Weſtward. 


An Eeclipſe ef ibe XLII. Die 29 Sept. (S. N.) 1670. mane Initium hujus Eclipfs incidit 2h, 
_ — . 220. quanquam id ipſum vix omnino accurate obſervari potuerit ob Umbram 
1670. by M. 7 HP 3 a X 
Hevelius, Terræ Dilutiſſimam: Siquidem, durante Eclipſi, tota Umbra adeo Tenuis erat 
N. 61, . 2023. atque Diluta, ut omnes præcipuas Maculas per eam, meo viginti pedum Tu- 
bo, quin & brevioribus, optime conſpicere potuerim. 

Maxima ejus Obſcuratio incidit 3h. 0“. Finis vero Fh. 21. Tota itaque 
Duratio fuit zh. 59“. & Quantitas vix amplius o Digitorum. Circa Medium 
hujus IEclipſis 3" 40“ Stellulam quandam Incognitam, ac ſolo Tubo conſpi- 
cuam, a Luna circa Lacum Nigrum Majorem tectam, clariſſime conſpexi; 
ſed exire eam non deprehendi. Deinde finita Eclipſi, jucundiſſimum quo- 
que obſervatu erat, bina Luminaria ſimul ſupra Horizontem videre. Nam 
priuſquam Luna occideret, Sol oriebatur. Cætera notatu digna ex particulari 
hoc Typo deprehendis. 


Ordo 
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S Phaſes Lune Tempora exi [ 
| E]Teleſcopio ob- | Altitudines Obſervatæ.¶ Altitudini- Animadvertenda. | 
I Vervate. | husCorreft. | 
WY Oh 
| Caudæ Cygni 500. 740 12 8 34 i 
Caudæ Cygni fo 25 [12 11 32 if 
Pollucis L. 26 39| 128 56 
Pollucis n. Wo 16 | 1 33 17 1 
Penumb. Init. | 2 10.0 | 
InitiumEclipſ. 1 O pir Efe in part. D æ ſup. [ 
| circa Sin. Hyperb. 4 
1114 Dig. 2 31 OUmbra Sin. Apollinem, & M. 11 
Porphyr. Stringebar. i 
2124 | 2 36 0 Lacus Niger Maj. tegi ir i 
7 12 41 400 Umbra ad boſe Corſi cam per- þ 
4434 3.1aul. plus. 2 45 yo] venerat. A 
18 2 49 O Pal. Mæotis & M. Æina plane 
6 Dig. fere. 2 53 © eecta. 1 
1+ 2 57 Olluf. Books. & 27 Macra 1 
1 $16 Dig. 3 3 ofeda. | 
64 | £9 1 
188 55 1 30 Inf. Melos tegi incipiebat. | 
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i | Si 1 
[: 217+ | 3 16 O,. Rhodus tecta. | 
13/74 | 3 20 0 | 
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180 Dig. 3/7 ofMax.Olſcuratioper J. Lew.& | 
* M. Aber. ſe extend. 
1 oo Paulo min. 3 51 10/Pal. Marzotis ſub Umbræ 
2o|87 3 57 o Sectione Subſiſteb. 
4ZI 82 : ha I 40 


2» a 


2284 fere. | F 
Polluc. L. 499. 70“. | 4 10 28 


2.4174 4 17 20 exiverant. 
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14 22 2 25 M. Porphyrites illuſtrari ! inci- 
3%: #8 3 piebat. 
| 4 27 35,Umbra M. Atnam jam reli- 
—_ 4 33 40] querat. 
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Finis Eclipſ. I F 21 2F[Finis circa Riphei Montes 
Penumb.Finis. 7 24 of contingit. 
\Sirit 180. 1 7 28 32 ; 


— _ 1 


822 g. XLIII. 1. Sept. 8. 1671. Circa Horam ſextam veſpert. Lans aſcendebat 


1671. at Econ; totaliter Obſcurat. Ectoniæ in Comitatu Northamptoniano. 


M. Palmer. Cœpit Emergere ex Umbra, Centro Lune Alto 99. 35%, five 7). 180. 


N. 76 f.. Finis, Arcturo Alto 169, 30). five 80. 16“. 200. Unde computatur Medium 


Eclipſis fuiſſe 605. 280. 16”. 
— N 
A. London % 2. The Emerſion: Alt. of the upper Edge of the 5. 10 . 
as Sreet, . The End of the Eclipſe: 1 a Artturus 16 20 8 167 


By Dr. Hook - A. 75. 274, I firſt obſerved the Moon eclipſed when it began to be en- 
* 77. f. 2756. Iightned, the Total Darkneſs being already paſt. The Shadow paſſed through 


the middle of the Spot called Py Hevelins, M. Porphyrius, 


So. 5 7. 49". 


7 308 paul. plus. g 4 11 Oluf. Melos & Rhodus umbra 


Þ3 a ere. 5 23 Umbra totam fere 1. I. Caſpian . 
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5 ( 307 ) > 
Fh. 49“. The Shadow paſſed through the middle of AZ. Sinai, through th 
middle of the Eaſtermoſt of the three Lakes called Mare Adriaticum, anu 
juſt touched the Ridge of the Appenine Mountains. 

7h, 54. It paſſed the middle of the 7. Besbicus in the Propontis. 

8", 0x. It paſſed through the Streights of the Pontus Euxinus, at the Pro- 
montories Acheruſia and Ariſtes. | | 

Sh. 6x01. It touched the Palus Mæotis, which Palus Meotis was then di- 
ſtant from the Limb of the Moon, next adjacent, one third part of its ſhorter 
Diameter or Breadth. | | 
Fh. 17“. The Shadow went off the Body of the Moon upon the inner- 
moſt Limb-line of Hevelius s large Chart of the Moon at the 29th Diviſion, 


wy 


not the Limb of the Moon quite without ſome kind of Darknels till 8“. 29! 


left, was full as light and clear as the other. 

About four or five Minutes after the Shadow was gone off, I perceived 
a faint Repreſentation of Colours upon that Part of the Body of the 
Moon which was moſt affected with the Penumbra, ſomewhat reſem— 
bling the Colours of a faint Halo about the Moon; this grew fainter and 
fainter, and after a few Minutes was no more viſible. It did not ſeem to be 
cauſed by any Clouds or Exhalations in the Air, the Sky near the Moon be- 
ing very clear, and the ſaid Colours noc appearing any where but upon the 
dusky part of its Phaſis. Poſſibly it might be cauſed by the Refraction of 
the Light of the Sun through the Atmoſphere about the Earth. | 


. 

4. Obſervatus eſt Finis, alto Arcturo ad occaſum 13 41 

Ablata Refractione, alto . | 13-37 df 
 Hinc datur Finis Obſervatus 8 29 16 

Finis Penumbre alto Arcturo (3 0 

Correct. 12 56 

Unde datur 8 33 40 

Obſervata eſt Meotis tota extra Umbram 8 24 16 

Alto Arturo | n 14 26 © 
Correct. 14:23-ff 


Exivit Luna ex Umbra è regione Petre Sogdiane [evelii. 
F. Hora 8. 307. Per Nubes Dehiſcentes, ſatis tamen craſſas, Lunam ſub- 
obſcure animadvertimus, & quidem tanto Lumine jam imbutam, ut dixiſſes 
Eclipſin jam eſſe præteritam. Exinde certum erat, Totalem Obſcurationem 


quidem Lunam Rurſus adeſſe nos omnes per Nubes illas ſatis dilucide depre— 
hendimus; fic ut Eclipſis in Colo ultra dimidiam horam citius ingruerit, 
quam Kepleri Calculus id indicaverit. 8". 34“. Minimum ad integrum Digi— 
tum animadverti jam extra Umbram, ſeſe Lunam extricaſſe; & denuo 9“. 41“. 
ad Iz. Di 
batur. 

4 


Nr 2 


at which time I found that that ſide of the Moon which the Shadow laſt 


jam minimum eſſe eo tempore præteritam, imo aliquanto adhuc citius: Si— 


6. Æque 


juſt without the /. Major of the Caſpian Sea. The duskiſh Penumbra left 


At paris: by 
Rr. Bullialdus. 


N. 76. p. 2273. 


At Dantzick; 


by M. Hevelius, 
N. 78. p. 3028. 


g. Lumen Lunæ jam excreviſſe, quantum id dijudicare circiter da- 


© 30S} . 
by or, Fogelins, . Mique nos hic ac Hevelius, Gedani Calculum Rudolphinum in nupera E- 


ibid. p. 3033. clipſi aberraſſe deprehendimus. Emerſiſſe enim jam Lunam ex Umbra Terræ 
ante horam nonam etiam hic vidimus. ä 


At Hamburg; 


— 14.4 of te XLIV. 1. ritium veræ Umbræe [y 22 
1674-5: — 8 Immer ſio | 6 19 
1 by Emerſio 197. F6 
1 Finis vere Umbre 8 78 


The Penumbra was ſeen to continue near half an Hour before it wholly 
quitted the Body of the Moon. : 


At Derby; by 2. Mr. Flamſieed oblerved the Beginning of the Entrance of the true 
M, Flamſteed. Shadow h. 5. and 191. | 7 


Ibid, 
N FE TE Fe 
Ar Paris; by 3. Jnitium veræ Umbræ, Alta Capella 52 26 f 32 29 | 
1% lig dus. Immer ſ. Alta Capella 3602. $1.6 33 31 
— Emerſ. Alt. Cap. Pollucis 43 468 9 30 
Fin. veræ Umbræ, Alt. Sirio 20 47 |[9 io o 


A Paris; by 4. At F*. 12/7. in the Evening, in the Royal Obſervatory, they began to 
ON = perceive that the Oriental Part of the Moon, by little and little loſt its Light; 
| Roemer, fo that at o". 25“. they ſaw a manifeſt Penumbra. Then at yu. 32/. fo”. 
_ ?-23% the Limb over-againſt the Spot called Hevelius grew ſo dark that they all 
5 agreed that this was the true Beginning of the Eclipſe. At 8". 71. one of the 
Obſervers believed the Emer/ion, another at 8*. 8“. and the third at 8b. 91. 30“. 
but afterwards conſidering the Emerſion of the firſt Spots, they all eſteemed 
it at 8. 87. At 7*. 217. the Southern Limb of the Moon was come cloſe to a 
Teleſcopick Star: At Sh. 91. 20! another Star yet leſs than the former, came 
out of the darkeſt Side, almoſt over-againſt the Spot Langrenus. At gh. 9140“. 
all the three Obſervers agreed, that the Moon then came our of the Shadow. 
The Diameter of the Moon, being meaſured before the Eclipſe, was of 
. . . E | 

2 The Times were noted by great Pendulum Matches that had been adjuſted 
by the Sun the ſame Day, and that were afterwards verified the next Day: 
Beſides that, before the Eclipſe, at 4Þ. 45. 1”, by the Watches, the Star 

Capella was 45 Degrees high towards the Eaſt. | 


21. F. 


E D 
py 
— 
3 


- > 
- GO NA 
2 O 

O 2. 


„ 
AA 
2 O 
mh 


D 
N 
O 
AN) 
ha 


[oO OOO AIAN IDA 
= | 
8 
28 
—_ 


—_— 


The middle of Menelaus, or Byſantium. 
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Phaſes. 


Ps . —— ——— 


Beginning over-againſt the Spot Hevelius. 
The firſt Spot of Grimaldi. Palus Maræotis. 


The ſecond Limb of Grimaldi. 
The middle of Ariſtarchus. Mons Porphyrites. 
MVierſennus. 
Herigone. 
Heraclides. 


2 15|The firſt Limb of Copernicus. Atna. 


The middle of Copernicus. 
Pitheas, or Hiera Inſula. 


The ſecond Limb of Copernicus. 


The firſt Limb of Timocharis. - Corſica. 

The firſt Limb of the Sinus Medius Aſtuum. Adriatick Sea. 

The middle of the Sinus Medius. 

The firſt Limb of 7ycho,. or Sinai; and the firſt Limb of [Ivy 07 
the Lacus Niger Major. 

The ſecond Limb of Plato, and the middle of Tycho. 

The Center of the Disk. 

The middle of Manilius, or Mons Besbicus. 


Dionyſius Areop. or Mons Amanus. 
Hlinius. 


Pitruvius. 

En1ymion, or Lac. Hyperbor. ſuperior. 
Promont. Heraclium. 

Betwixt Alcuin and Taruntius. 


The firſt Limb of the Caſpain Sea. Mare Criſium. Palas Meotis.| 
The middle of the Caſpian Sea. 


The other Limb of the Caſpian Sea. 

The firit Limb of Langrenus, or Inſuls Maj. 

The middle of Langrenus. 

Total Immerſion, betwixt Langrenus and the Caſpain Sea. 
Firſt Emerſion, towar ds Grimaldus. 
The firſt Limb of Grimaldus. 

The ſecond Limb of Crimaldus. 

Merſennus. 


Herigone. 


The middle of Kepler, or Loca Paludoſa. 
The firſt Limb of Tycho. 


The ſecond Limb of Tycho. 


I 0 1 Fim. 


The middle of Ariſtarchus, and the middle betwixt Her gone ar. dMorin 
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At Dantzick; 


LOT 
5 Phaſes. „5 _ 


(Time. 
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The middle of Copernicus. 
7 35]The ſecond Limb of Copernicus. 
6 10 Pitheas. 
6 30 Heraclides. 
o o The firſt Limb of Timocharis. 
2 3 The firſt Limb of Plato. 
3 4F|The ſecond Limb of Plato. 
9 zoſThe middle of Manilius. 
2 Io Menelaus and Dionyſ. Areopag. 
of Po/ſidonins. 5 
6 Pitruvius. 
9 zoEndymion. 5 
9 6 20 The firſt Limb of the Caſpian Sea. 
9 7 10 The middle of the Caſpiau Sea. 
o 8 40 The other Limb of the Caſpian Sea. 


+ 
oy 


> ww ww ww ww 


h. 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


2A +7] 
— 


9 9 4o[The End, between the Caſpian Sea and Langrenus. 


by M. Hevelius. aliiſque preſtantioribus, ad quatuor Fixas (neglectis cæteris minoribus, quas 


N. 113. f. 259. optime etiam conſpiciebam) inter quas Luna eo tempore verſabatur, direxi. 


Ab a Stellula vix quatuor minutis Limbo ſuo Inferiori in &, diſtabat; tres 
vero reliquas, utpote b, c, & d, Luna coprore ſuo omnino texit. Ex om- 


nibus autem his quatuor inſignioribus Stellulis, non niſi unica c ab Aſtrono- 


mis hactenus obſervata, Globiſque adſcripta eſt; nominatur Informium in- 


ter L & S Suprema d tergo Pollucis; cujus curſus cum ingreſſu, via itniera- 


ria, atque egreſſu imprimis probe notandus. Quippe ex hujus generis obſer- 
vationibus, multo proclivius datur Motum Lunæ redintegrare, ejuſque No- 


dos Latitudinemque reſtaurare, quam, meo quali judicio, ex nudis Solis E- 


clipfibus. Stellula h, ad montem Eoum circiter tecta eſt, & d ad ipſum Lim- 
bum Lunæ Inferiorem; illa per Sinum Sirbonis, I. Rhodum, & S. Athenien- 


ſem; hæc vero per Deſertum Mingui tranſiit. 


Temp. 


7. Vigilantes oculos, per totam Eclipſeos Durationem, tubo 20 Pedum, 


TOTS 4 Þ WW 2 ? 77 9 9 * 7 L x 2 2 " het l 
gs l e I Ee A EE A. on 594 
SINE „ 8 3 2 85 OY. SUES. IE SOD FEELS on i - 
ee EIT ce LT a Rc | 


* 


[ h. 


2 ** 


— 


Temp. ſec. 

Hor. Oſcil. 
2x altitudi-| 
aibns Cor. 


2 7 


Altitudines Fixarum, Nec 
non Animadverſiones quæ- 
dam notatu dignæ. 


U 
5 22 28 


— 


17 


6 25 4 


Eadem Altitudo. 


Altitudo Caudæ Coun 


259, 30. 01. 
380. 


6 


» 


637 0 


6 41 FO 
6 43 45 
6 44 55 


— — — 


_— 


„ eee 


* — —— — Le 


Per quas Maculas tranſiverint Umn- 
bre Seftiones 


Nun Luna ſubiit. 
Initium Eclipſeos. 


Paludem Maræotidem at- 
tigit. 

Palus Mareotis omnino 
obſcur. 


6 52 30 


1 39 


649 90 


F 


* 


Incepit circa 59. à puncto Nadi] 
Ortum verſus. | 


Tempore Initii, Sinus SIgaricus, | 


Inſ. Besbica & Inſ. Melos in Li- 
nea Recta extiterunt. 


„ 


— x — 


— w— — — 


Mons Porphyrites tectus. 


Sectio N per IM. Panade 
lum & Zoum tranſiit. 
Per Loca Paludoſa Ae Ca- 
taratt. 

Ad M. Baronium, per M. Petri, 
Athor, & M. Troicum. 
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7 255 
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7 2 17] 


7 
7 74048 


ä U—‚w ES 


M. Ætnam tegere incepit. 


M. #tna omnino tectus. 


| 5 
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7 10 40 


— — 


7 14 io 
7 16 4011 


M. Sinai tectus. 


|, Inſulamgue Cretam. 
© 


Ad Sin. Apollinis, In. 1 His, ad} 
radices Montis Atnæ, Inſ. Didy- 
me, Lacumq; Meridionalem. 
Ad Inf Sardiniam, per Inſ. Hieram, 


r M. Aflanticos Majores, Ins. 
Hulcaniam, Rhodum, Montem- 
gue 4 


n 


Lacus Mr Major tek 


Per 72 Ophinſam, Inſ. Cyprum & 


inai. 
Ad L. Nigrum Majorem, per M. Si- 
Pylum, Libanum, Montemq; Ser. 


Per L. Nier. Minorem, Inſ. Besbi- 
| cam, M. Olympum & Didymum 


7 49 


| 


_- 


y 15 "ny 


| 7 20 20112 Fixa c diſtitit 3 LimboſSc@io Umbre tranſiſt per NM. Car- 


| 


— 


7 28 30114 


7 32 Olly 
7 34 10|16 
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d ortum verlus 30“ pathos, Byzantium & Taurum. 
tere. TEE 
Per Lacum Boryſthenem, Inſ. Apol- 
loniam, M. Moſchum & Sogdia- 
A 


' 
— — — —̃ — —— — _ „„ 


1 — 


Per Montes Macrocemnios, Pro- 


Sinum extremum Ponti, Mon- 

temque Parapemiſum. 

Per Paludes Hyperboreos, I. Corocon- 
dametis, Montemque Caucaſum. 

Per Montes Ripheos, Palud. Mzo- 


 Caſpii. 


7 42 44 
7 55 30 
8 o Fo 


8 37 20| 


g f1 20 
9. 9 IO 


Stellula &, ad M. Eoum Tecta. 


— — YE — — — — —— — Sy 


occaſum verſus. 


riori 4 circit. Minut. 


Stellula c, ad Lacum Merid. ſubiit. 

Stellula 4, ad ipſum Limbum Inferiorem occultata. 
Stellula c rurſus emerſit, ſub Monte ſc. Nevoſo; ſic ut Þ ad 
30. 20. ſubingreſſa fuerit. Spectaculum ſane erat Jucun- 


fere Maxima Obſcuratione, & & & deprehendere. 


Emerſio Lunæ ex umbra contigit ad 30%. fere Limbi ) a 
puncto Nadir Ortum verſus. 


8 


ä 


17 Ombra inceſſit per Pal. Mat eoti- 


_ _ . 


— — 9 


dem, Fontes Amaros & M. Eoum 


| 


cum. | 
Per M. Pentadafyllim, Carpathum, 


18 Per M. Audum, Ajacem & Troi-| 


ment. Arietis, Herculeum, per| 


| zidem, Sinum Inferiorem Maris 


Totalis Immerſio contigit circa 50. Limbi à puncto Zenith 


Stellula a, in ipſa & cum C, Diſtitit a Limbo ejus infe-] 


diſſimum, hæcce omnia dilucidiſſima, & quidem ſub ipfa| 


S. Sirbonts, & M. Lion. 


7 11 
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W 
Ions Porphyrites cxiit ex Per M. Porphyrit. Caſſium & Mi- 

Umbra. 2 dymum. | 
9 36 FEM. Sinai illuminari cœpit. Per M. Baronium, ad J. Siciliam, 

= per Cretam ad radices Sinai. | 

9 42 ly M. Ana ſub ipſa ſectio- Per Promontorium Apollinis, M. At- 


0 


ne Umbre. nam, per Rhodum Monteſque 
WT Ee. . 
e % e mw AT: 
9 47 io ; | Peer Inf. Fulcamam, M. Maſicytum 
7 5 5 Cragum & Auliliban. 1 
9 fi 24 Ad L. Nigrum Majorem, S. Paſla- 
num, M. Didymui, & Montes 
Coibacaronos. 


9 76 vos zy¶Inſula Besbica rurſus pro- Per S. Nigrum Minorem, ad J. Bes- 
55 diit in Lucem. | vicam, per M. Cæerios. 


9 59 35 - : Per L. Salmiderſam, M. Hormini- 
1 um, Moſchum & Lacum Thoſpitis. 
lo F ofz7| Per Pontum, 1. Cyaneam, S. Athe- 
| 8 nienſem, & M. Caucaſum. 
1 7 N . Per L. Boryſthenem, ad 1. Apollo- 
niam, per Heracleum ac M. Tan- 
conem. 
ro 19 35] Umbra nondum plane ex- 
iverat. 
10 20 0 Hinis Eclipſeos. 
10 23 of Penumbra. 8 | 
* F Pe TTY ENT eee nene 
H ro 52 F8| Altitudo G. 37. 12 
A 10 58 35] Alt. Lucidæ V. |28 52 2 1 
3 JEL 12; 33] Alt. Capelle. |7o 11 2 1 
3 6. Obſervatio hujus Eclipſis fuit admodum exacta; nam Sole prope Hori- Ur Seville; by i 
© Zontem cxiſtente, per hujus Loci Altitudinem Minutorum tempora facile in- 3 3 * 
N notuerunt : Cætera meo Horologio (quod ne unum quidem Minutum ea die mericks. | 
| Cdiſcrepabat) notavi, ita ut nulli dubio in obſervatione detur locus. N. 118. P. 428, 
lunitium veræ Umbræ | 4 56 | .o 
ö Immer ſio 1 20 
Emerſio = | 7 33 : —_ | 
Finis 8 39 & aliquantulum productior. = 


VV 3 _— 


| f — r e 
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An Eclipſe of the | Hala | 

Moon, June 27. 00710, Phaſe 8 

1675. «t Lon- cillatorii. SER | 

__ dad s — — ————— | | — — * 
Mr. Halley. 1 e ultoties repetitx| 3 


N. 116. f. 371. | It IT oof[Lunz Diameter 3190 2 311. 400. menſurz tum a me 
ad Wo oo[Rurſus Lunæ Di. 3191 =31 46 tum ab adjutore £4- 
| ON Es mund. Halley. © 
5 37 50 Nullum Penumbræ veſtigium : jamque Luna nubes ſubtervo- 
| lantes ſubiir, ſub quibus Jatuit, uſque 1 
6.1 46 400 Dum per earum hiatus Penumbra denſa, vel forſan ipſum 
| Initium apparuit ; ſed certus eſſe non poteram. | 
| 71 571 40]E nubibus elevate Limbus notabili ſatis defectu laborare 
| | viſus eſt, obſcurato ſextante vel minimum octante Peri- 

| pheriæ. 
| 801 55 15 Pentadactylus tectus. 
[> 2.20 Porphyrites tectus. 
[10/2 J 30(Sinz Limbus primus. | 
| 112 6 o0|&ne Limbus proximus. : 
| 


122 8 40fPartes reſiduæ illuminatz 2071 = 20/7. 38/0. 

I32 12 oofFixa exigua Teleſcopica, minori tubo non viſibilis, in ma- 
Jori apparuit dimidium fere capacitatis ejuſdem, vel 15“. 

== a Limbo apparenter inferiori diſtans. Rs 
2 17 4F|Partes illuminatz reſiduæ, 1655 = 160, 270. 
2 23 F{Besbici Limbus prior. 

162 26 3 Horminius tectus. 
2 
2 
2 


29 oo fmus tectus. ER 
30 4 Partes illuſtratæ reſiduæ 1047 = 10l. 24“. =. 
35 oo[Partes lucidæ reſiduæ 865 = 8 38; jamque tubo lon- 
giori fixa alia exigua apparuit, Maculæ Caſpiæ Longitudi- 
1 nem a limbo Lunæ, Latitudinem ejus a Linea per cuſpi- 
1 - des ducta dextram verſus, diftans. | 
[2<j2 37 15. Umbra tegebat occidentale Littus Ponti. 
[21]: 39 3oſlpfa tetigit Limbum primum Corocondo:netis. 
_ F2]2 45 ooPaludem Meoridem tetigit. | 
E 2 70 4f5jMzotis tota tecta. : 
[24/2 56 10 Dubium an aliquid veri Luminis ſupererat. 
25]2 56 FFilmmerſio: Certe enim Lux primaria Lunam penitus deſerue- 
rat, ſcil. E regione paulo ſupra Montes Ripheos & Circa 
I 


5 gradum Limbi Heveliani 330. 2Þ. 57“. 30ll. Limbus C 
5 loris Cineritii per tubum apparuit. 3 


Aer a ſeptima obſervatione ad Iumerſionem ſereniſſimus extitit; & Lucula 
quædam Albicans per totum deſectus tempus Cuſpides obſcuratæ Lune vil. 
| = eit 


N 


. 


eſt inſidere, quæ eam, etiam poſt Immerſionem, à parte quæ ultimum in Um- 


bram inciderat, reddebat conſpicuam. Tenuis admodum erat Eclipſis hujus 
Penumbra, nec major quam Sinæ aut Einæ Latitudo. Palus Meotis Lata ap- 


paruit admodum, & 


quam maxime fere potuit à Limbo Lunæ remota. Ma- 


reotis è contra compreſſa admodum, nec pluſquam dimidium Longitudinis ip- 


ſius à Limbo Lunæ diſtans. 


= 

2. Initium veræ Umbræ, alta Capella ad ortum 18 4F 
Umbra attigit Paludem Mzor. alta Lyra ad occ. fo Fl 
Immerſio Totalis, alta Lyra ad occ. 


48 50 


| b. 


[| #l 1 


b. „ 
1 56 47 
I 57 20 
I 78 FOI 
2 145 
2 
2 
2 
2 


2 15 

4 IF 

4 40 
r 
6 If 
7 4 
8 18 


11 35 
12 40 


2 
2 
2 
2 
2 
2 
2 17 25 
18 12 


| 21 4 
24 © 
26 10 
26 40 
31 40 
32 20 
234 If 
36 If; 
2 38 10 
2 38 4 
2 39 20 


2 39 $3 


2 
2 
2 
2 
2 
2 
2 
2 
2 


Initium Infra Grimaldum. 

Per primum Limbum Grimaldi. 
Secundum Limbum Grimaldi. 
Calilæum. 

Primum Limbum Mer ſenni. 
Initium Gaſſendi. 

Medium Gaſſendi. 

Alterum Limbum Gaſſendi. 


Herigonum & Seleucum. 
Morinum. 


Medium Kepleri. 


Ariſtarchum & Bullialdum. 
Ariſtarchus diſparet. 


16 25|Initium Tychonis. 
16 40fInitium Copernici. 


Medium Tychonis & Copernici. 
Alterum Limbum Tychonis. 


Pytheam & primum trium Sinuum Mediorum. 


Medium Secundi Sinus Medili. 


24 73 Heraclidem vel Virginem. 


Primum Limbum Timocharis. 
Medium Ti mocharis. 


Promontorium inter Virginem & Platonem. 


Abulfedam. 

Initium Manilii. 
Dionyſium Areopagitam. 
Littus Maris Tranquillitatis. 


Primum Limbum Menelai & Platonis, 
Fracaſtorem. 


Medium Platonis. 


82 


Temp. Truanſitus Umbre. 3 
= — * — —— B — „ 


At Paris; by 
M. Bullialdus, 
Ibid, b 372. 


By M. Caſſi ni, 
M. Picart, and 
M. Roemer, 

N. 117. P. 388. 


(6316) ) 


| Temp. Tranſitus Umbre. © 
| — — — — as 5 — | — | — 
al | n een 


12 55 2 41 15 Per Alterum Limbum Platonis. | | 

'i8 : I: 44 15|Promontor. inter Conſorinum & Bedam. 

N 2 50 20PPrimum Limbum Paludis Somnii. 

[2 50 45 Cornua erant verticalia. 

2 73 5yInitium Langreni. 

2 55 20 Primum Limbum Maris Caſpii. 
3 10 Alterum Limbum Maris Caſpii. 

3 1 45 Endymonem. 

1 15 Meſbalam. 


3 2 4x Finis ſive 2 otalis s Immer iv, ſupra. Mare Gabun: | 


Mare Caſpium tunc diſtabat à Limbo Occidental: circiter 4 ſux Latitudinis. 
Poſt Immerſionem Ti otalem dignoſcebatur adhuc totum Corpus Lunæ. 
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An Eclipſe of the Horol. | 3 .P haſes . 
Moon, Decemb. — e Toni —— — — — 
1675. ol kh. £. H 25 . 
SGreenwie 
Mr. Flamſteed. 2 29 30 Inter Cuſpides 2085 = AT: . 16 4 


N. 121. 5. 433. Pz 55 4 Hæmum fere tetigit. 
3; © zo Hænum certe tetigerat. | 
3 11 3o[Cuſpis dexter a Mareotide 1235 = 10ʃ. 14/!. 
o[Partes Lucide  circiter 2800=23. 11. vel paulo forſar 
amplius; difficile enim erat admodum, Umbræ vera Ter- 


minos, per Aerem Vaporibus fœdatum, definire. = 7 
zo Umbra prope Macram. [ 


45|Inter Cuſpides circiter 2288 = 187“. 57. 


1 5}Finis: Limbus enim apparuit, & nihil videbatur i in rotunditate| 
Luunæ deſiderari. 


2 
2 
7 
8 ofLimbus admodum dilucide per Tubum conſpectus. 
5 
9 


ww 
WE) 
A 


zo Penumbra, quæ nudis Oculis Eclipſin referebat. 


30 Lunæ capta diameter 3757 = 31'. 5". Sed vix ſatis certa; 
quam tamen haud multum à veritate abeſſe putem. | 


2$3- rr: & poſtea, Limbus ab e Arenen Obſcunor 


videbatur ac alter. 7; 5 


meV * * WOT 
— 


Corſica à Limbo Lunæ Remota diſtantia 2732 2. 37“. 
Limbus cjus proximus a proximo Lune 1045 = 8 39 


Sing 


v4 
„* 


6317) 
Size Limbus Remotior a Lang proximo 50 4“. 58'', bona, 
Lacus Nigri 1Majoris Medium a Limbo proximo 472 =3 47 
Notavi præterea, quod Umbra ſemper longe diſtinctior apparuit ad Cor- 
nua, quam alicubi in Facie Lunæ: In prima Obſervatione, vel paulo ante, 
Cornua fuere Horizonti Parallela. © | 
Tunc etiam Porphyrites, & Lacus Niger Major, æqualiter ex Umbra exti- 
tere, Longitudinem ſcil. circiter Maræotidis. 5 ' 
Nunquam tamen Porphyritem ſuperavit in hac Eclipſi; alte vero illum in 
Penumbram merſum vidi. 3 | 
In ſumma Eclipfi ad Corficam fere Umbra pertigerit; nunquam tamen cam 
extinctam vidi, ſed alte adeo in Penumbra immerſam, ut ægre eam potuerim 
diſcernere. 5 
Nec unquam Umbra vera Inſalam Macram pervagabatur, ſed Penumbra 
duntaxat denſa, per quam difficile erat ipſam percipere. 
Ah. 52. Limbum videre non potui; nec 4h. 64'; ſed 4h. 7*. videre me 
putabam Limbi Lucem fed languidiſſimam, & ægre admodum; 4h. 7. 15 
certior factus ſum ex Umbris Emerſiſſe, nec aliquid in ejus rotunditate deſi- 
derari; Ergo tunc Finem obſervatum ſtatuo. | 
Exibat Umbra juxta Lacum Hyperboreum Superiorem manente Penumbra, quæ 
Eclipſin nudis Oculis exhibebat uſque 4*. 15+'; ſed Limbus ab Eclipſi dere- 
lictus Limbi oppoſiti Claritudinem recuperavit non niſi . 28. vel ſerius. | 
Tempora Phaſium Correcta, ab Altitudinibus Arcturi & Lucide Corone, 
uadrante Teleſcopico, pedum trium & amplius Radio, captis; quibus, clare 
aliquando in altera Cœli cardine emicantibus, captandis incubui, quoties Lu- 
nam ſubiere Nubes. OS 
2. Initium Eclipſis accidit antequam ad Inſtrumenta veni: Quod tamen N 
Londini in Vico Wintonienſi obſervavit Edmundus Halleius, cum Lunæ Limbus Hailey. 


ſuperior a Vertice ® N gs 0G Ibid. f. 499. 
diſtaret 39 F1 | unde horam ſupputavit 2 16 
alto eodem 41 1 | Cornua Horizonti Parallela | 2 a, 1 
333 1 5 I 
3. Joh. Coelſonus in Vico Wappingenſi, ad Anachoreſin, Angf be Hermitage) Colſon, 


Limbum Lunæ Deficientem aliquantulum vidit Zh. 173”. At . 9. 25 /. ex 
Umbra vera ipſum exiiſſe comperit, denſa duntaxat Penumbra remanente. 


* 


4. In hac Eclipſi Duo pracipua i nobis exacte determinata ſunt, Medium At Paris; by 
ſc. Eclipſis tempus, ejuſque Magnitudo. Medium deductum eſt non ſolum ex M. pop I 
comparatione Initii, & Finis, {ed etiam Duarum æqualium Phaſium, determi- 
natu facillimarum, quando ſcil. diſtantia Cornuum æqualis erat Lunæ ſemidia- 
metro, ante Eclipſin captæ, 15“. 280. Scilicet cum Initium Ecliplis exiſti- 
matum fuerit 2h. 240. FTA 5 


Finis vero Totalis, relicta Penumbra ſimili ac ſuerit in | h. 1 
determinatione Initii 5 ERS TEES; 

Duratio totius Eclipſis provenit 1 FO] 
unidia....._.:.... aA | 

Er Eclipſis Medium | 3 20 

Sexta vero circumferentiæ pars abſciſſa eſt "Io 


Atque 


” of 


( 318 ) 


, h. 1 „ 
Atque iterum 4 2 25 
Intervallum | 1 24 20 
Dimidium 42 10 
Hinc Medium Eclipſis| 3 10 17 


Intra quartam minuti partem priori determinationt conveniens. | 

In Situ Umbræ & Eclipſis Magnitudine D. Flamſtedio plane convenimus. 
Ab utriſque quippe Noſtrum annotatum eſt, Umbram nunquam ſuperaſſe 
Porphyritem, licet is alte in Penumbram fuerit Immerſus. FO 

Porphyriti proximus eſt Mons parvus albicans quem tunc Ariſtarchi Comi- 
tem appellavimus, eo quod ab ipſo ſeu Porphyrite vix diſtet ſui Diametro. Is 
Monticulus Immerſus eſt in Umbram 2b. 517. 15“; Emerſit autem zh. 8“ 
25%. totoque tempore interjecto fuit Umbra Porpbyriti proxima. 

Uterque pariter annotavimus, in ſumma Eclipſi Umbram ad Cor/icam fere 
ertigiſſe, nunquam tamen ab ea fuiſſe tectam, ſed relictum exiguum interval- 
um, cujus termini diftantia a Lunari Margine proximo capta eſt 8”. 17”. cum 

Flamſtedius Inſulæ ipſius paulo remotioris diſtantiam ab eodem Limbo invene- 
rit 8”. 39!!. Iuſulam quoque ſeu potius Peninſulam Macram utrique Umbræ 
diutiſſime adjacentem ws ee nos id fieri cœpiſſe notavimus 3h. 280. 
15%. & per horæ quadrantem in eadem diſtantia perſeveraſſe. 1 


. Capella] Ne 2 CC. 

7% M. Bullial- ſaiſtan. d Phaſes. Temp. m. 
REF. ertice. b ] 
N, 125, fo 610. ; Hed . — — 5 — — 
E 45 r Ih. 1 ow 

339 36|Penumbra tenuis. 12 6 12 

þ2 4 Penumbra craſſior. 5 2 12 7 

2 3<|/nitium ſenſibile è reg. Sinus Hyperb. circa gr. 70. | 2 23 32 

Hz 5oDigiti fere . | 2 25 4 

25 Umbra attigit Atlantem Minorem. 2 36 11 

frm — — — - _ — 


147 28 Umbra paulo ſupra Baronium, ſupra Liguſtinum, oc-| 2 56 27 
| | cupaverat Marr. M. 3 | 
148 F6|Umbra attigerat fere Catenam Mundi. 1J-3:-:6 a8 
149 54. Umbra attig. Montunial. _ 5 3 12 744 


am & Med. Palud. Hyp.| 3 17 41 
, [oz Occupavit Sinum Sagaricum & Peronticum, atque] 3 29 1 
8 Promont. Lune. 
54 galLeucopetra extra Umbram. 1 3 48 2 
| 2 


Fo ZoſAttigit Sinum Perontic. M. Pyr 
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40'Sinus Peronticus extra Umbram 
48|Sinus Sagaricus exrra Umbram 
17|Sinus Cercinites fere Emerſerat 


—— - 


r 1 


— — 


16[Pars ſub Umb. æqualis fere LatitudiniPaludisMeotidis. 
30|Finis verſus è reg. Mont. Macrocem circa g. 355. 
6|1Penumbra 


= : 1 


em mm 


Corſicam non attigit Umbra, neque Lacum Thraſymenum, propterea Eclipſis 
non exceſſit 0 Dig. 30". vel minus etiam. Initium uno ſcrupulo primo, vel 
| 47“ anteceſſit adnotatum, ita ut ſtatui exactius poſſit 2Þ. 22“. 30“ . Hinc 'I 
| rota Duratio fatis præciſe 1h. 51. 244. Quare Maxima Obſcuratio contigit 


„ 


WWW ? * n n 9 9 a * 
£ 3 4 Wert 4 8 
4 TTC S o (oo 8 8 9 
122 F . e . z ODA IG Ges HR Rd IRS 
2 e - ö Pak ALL Fc SY OS e SIE Eg Eerie De Ee DES * . any IR gr 
0 


ned WWW 3 * a bis e N 
br OD CNN EET TIT 5 2 OE SPA CO Pg Opn, IE Te OR Re: 448 3 
Q r Loi obeys” 8 . 


3h, 18“. 14“. 
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cturo. 


Alto r- 


Tempor. m 


— aw a ed. he 


B 


+s 
— . —— —ñ—ä — — — — * —— 
= — 222 —— — pu — 
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2 48 48 Initium. . 
3 20 S Umbra per M. Porphyritem & Promont. Lune. 
3 45 Ambra ſtrinxit Lacum Thra/ymen. Mont. Baronium, & 


Phaſes. 
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J'o 36 30 


fro 32 13|- 


fro 43 2F|- 


1 47 25 


10 52 20 


It 430 


Io 557 47 


1 


— 


ſa, Inſ. Cercinnæ, Sinum Syrtic. 
per Mont. Sacr. & M. Caſpium. 


/m, per medium Sinum Hr— 
bonis & M. Pharan. 


1 


— — 


| 40s, Carpath. & M. Horeb. 
Ad Lacum Nigrum Majorem, 


Maſicytam; Tabor, Sinai & 
Deſertum Raphidim. 
Per Scopulos Hyperboreos, Inf. 
| Besbycam, M. Olympum, Didy- 
num, & M. Antilibanum. 


r 0 33 


_ =} 


ad Mare F yrtic. & Mont. Acabe. 


per M Porphyritem, loca Baludo- 


i Per Sinum Apollinis, M. Arn. 10 44 1 | 
Inf. Leto. ad Inf. Didymam. | | 


10 32 570 


Jad M. Baronium, Inf. Athu- 10 37 10 


ad Inf. Majorc. Vulcaniam, Lem- 


per M. Argentarium, Sipylum, 


Ad Inf. Cyaneam, M. Hormin. M. 
Uxii & Montes Cotbacaranos. 

ber M. Ambonum ad Inſ. Apollo- 
niam & Sinum Atbenienſ. per 
M. Moſch. Uxii, & Coibacaranos. 
Per Lacum Hyperbor. Superior. 


Pal. Byces, per Mont. Hercul. 


„ 


1 


11 IO FF 


& Sinum extremum Ponti. 


Vuz 


| 


Per 


Tempus fel [Fer quas Maculas tranſiverintFempus ex 
Lund: Ho Altitudines Stella-| Umbre Sectiones, & qua in-] Alt. Cor- | 
TAmbul. rum. ſuper Notata fuerint. retl. | ur Pan- 
3 DIA — FO 94S . ˙ n. 
FREE W 3. => War 2h 1 Re. 
8 41 18 u 39 53 | 5 492 46 
18 44 9 «1,2 S917 SP | | 5 44 20 
8-48 14 39. 0 ö 8 4” Fg 
1228 — — — — 
10 8 28 Initium Penumbræ Dilutiſſfima. 10 9 9 
10 12 50 JPenumbra Denſior. 10 13 29 
fro 19 5 Penumbra adhuc Craflior. 10 19 36 
Ito 23 5% Venumbra Denſiſſima. 10 24 24 
410 24 30 Loitiun Eclip. circa 170 Lim-10 27 F 
— bi in gf* ic. a Puncto ſuper} 
1 £ Lineæ perpend. Nonagelimi 
| | - Ortum. verlus contigit. 
I10 29 45 Incedebat per M. Germanician.10 30 1 


10 8 
7 1 
Wi 

| 


111 


10 Dig. 


12/107 fere 


IT 22 


11 26 


(3 


[Per Lacum Hyperboreum e 
rem, M. Cimmerium, & ad Si- 


num Inferiorem Maris Caſpii 
Per M. Ripheos, Pal. Mæotidem, 
Inſ. Alopeciam, ad Inf. Majo- 
rem Caſpit, per M. Neroſum. 


—— — — 


Pollucis 
Pollucis 
Nelke 


1 —— — — 


ad Ripum Paludis Meotidis & 
Mont. Hippoci. 

Per M. Alaunum, & Lacum Oc- 
cident. Minorem. © 

Totalis Obſcuratio circa 297 


Super. Lineæ perpendicularis 


deprehenſa. 


| 


Limbi in 94 ſc. a Puncto 


Nonageſimi Ortum verſus | 


14 20 10 
11 23 
11 27 30 


1 


- | 


1 37 4 
II 38 42 
11 39 35 


—_— 2 — 


Recuperatio Luminis circa 118? 
Limbi in 889 ſc. a Puncto Su- 
periori Lineæ perpendicularis 
Nonageſimi Occaſum verſus 
extitit. 


19 


20 


8 -$ 


1 


Ad M . Alabaftrinum, M. Penta- 
dactylum, M. Audum, & Pal 
Mareotidem. 


Syrticum, & per M. Eoum. 

Per M. Baronium, loca paludoſa 
Inf. Cercinne, inter Mare Syr- 
ticum & Aegyptiacum, ad S. 
Syrbonis. 

Per Sinum Apollinis, Inf. 7, ara. 
ciniam, Inf. Aithuſam, Si- 
numque Syrbonis. 


2 


nam, M. Neptunum, Fachyn- 


| 7um, Inf. Letoam, Inſ. Didy- 


mam & M. Lyon. 
Ad Inf. Cor ſicam, per Inſ. Vulca- 


Mortuum, per Deſertum Sn. 


ber M. Porphyritem, ad Mare 


Ad Inf. Majorcam, per M. At. 


niam, & Carpathos, ad Mare| 


ö 


1 23 6 


( 
-'4 


Ad M. Carpathos, per Inf. Besbi. 


333 ) 


Ad M. Argentarium, Mare Pam- 
phylium, Inl. Cyprum, per M. 
Horminium. 

Per Mont. Apenninum, ad La- 
cum Fraſimenum, ad M. Hi— 
pulum per M. Infer. Libanum 


cam, M. Olympum, Didymum 
& M. Dalangueros. | 


25 


2126 


q 


Per Lac. Hyperborenm. Inferio- 


M. Caucaſum Inferiorem. 


Per M. Perce, Byzantium, ad M 
Horminium, & per M. Anti. 
Faurum. 

2er Sinum Circinitem, Inſ. Ma- 
cram, Inſ. Apolloniam, Me- 
dium Montem Moſehum, at- 
que Montes Sogdianos. 


rem, Pal. Byces, M. Strobilum, 


condometis, per M. Herculis & 


Per M. Cimnierium, M. Taucon, 
& M. Neroſum. 

Per Pal. Mæotidem, Inſ. Mino- 
rem Maris Caſpii, Monte mque 
Neroſum Superiorem. 


Monteſque Hippoci. 


— . —U—ñää . — — ——_ 


Nen 120 


Ead. Alt. 28 46 


Denſiſſima Penumbra. 


Finis Penumbreg. 


— 


Finis, circa 294 Limbi, in 197 ſc. 
gradu à Puncto ſuperiori Li- 
nee perpendicularis Nonage- 
ſimiOccaſum verſus contigit. 


Satis adhuc Craſſa. 
Paulo Dilutior. 
Penumbra Dilutiſſima. 


Per M. Alaunum, M. Sanctum; 


per Sin. Extremum Ponti ac| 
| M. Paropamiſum. 


nter Pal. Byces & Lacum Coro-| 


— 
Vo 
A 


2 


- iy 161 1 
Ingracnte 


14009] 

Ingruente Eclipſi Umbra erat valde diluta, Limbuſque ejus quaſi Anfractuo- 
ſus, & minime terminatus, ſic ut difficulter admodum ab Initio Phaſes deter- 
minari potuerint, nec accurate diſtingui per quas Maculas Umbra tranſibat; 
ſucceſſu tamen temporis, creſcente Eclipſi, diſtinctius omnia deprehendebantur. 

Color ab Initio videbatur ſatis Triſtis, Obſcurus, & Fuliginoſus, ac fi Eclipſſs, 
cadem ratione, circa Maximam Ob ſcurationem, ut illa Anno 1642. menſ. Arril. 
adeo ſeſe Obumbratam ſiſtere vellet, quo vix conſpiceretur; fed res plane ali- 

ter cecidit, ſiquidem Luna cum jam omnino eſſet Eclipſata, Totus tamen ejus 
Diſcus ſatis clare in oculos incurrebat: Color namque ejus tum omnino Ru— 


bidus ſive Sanguineus aut Rubiginoſus erat, qui eouſque perſeverabat, donec 


Luna ad medietatem Lumen ſuum recuperaſſet, atque tum rurſus ſatis Obſcura 
; & Fuliginoſa apparuit. 5 : ” 
OS ” 4 The Beginning of this Eclipſè was obſerved at Lisbon, by Mr. Jacobs, 
ibid. p. 151. at 8b. 31. p.m. 


An Eclipſe of the L. Difficillima fuerit parvæ hujus Eclipſis obſervatio, propter obliquam Lu- 
Moon, June 17. i 


w. 24. „ u in Umbram Terræ incidentiam, Umbræque ipſius Tenuitatem, per quam 


Greenwich; by Limbum Lunæ, media etiam Eclipſi, ſatis diſtinte cernere potuimus. Par- 
2 tes diametri tunc ab Umbra vera deficientes, propter confuſos ejus terminos 
ne accurate definire non licuit. Diſtantiam ergo cepi inter Cuſpides male def. 


nitos circa Medium Defectus, è qua dictæ partes facile deduci poſſint, & 
Erroris minore periculo. | 


/ 


empor perſfemp. Ve- 5 e 


*** ”Y 


— 


Horol. Oſ-\ra ab Obſ f Obſervationes. 
cillator. | Correct. | 

ace da . is 997; OPER e ee 
FPÄFL! om HW | „ It: 


1 40 40 


1 31 S Eclipſis Minæ . 

2 4 30 2 54 8 Lunæ Diameter Tubo ped. 16. erat, 1695 -=|31 77 

2: U N rep. 6430 32 4 
2 12 of 2 2 20 Penumbra denſa, ſorſan Initiuue = <| 

2 16 oo] 2 6 28|Umbra Limbum ſupra Sinam temeraverat 

2 18 oo] 2 8 28|Umbra certè intra diſcum 2 

2 21 361 2 12 40Chorda Peripheriæ Obſcuratæ —- 1670 =|-8 28 
2 26 00| 2 16 28|- - - - - Frep. 2010 A- 1 
| 2 30 oo| 2 26 28|- - VET 

2 42 oo 2 32 280 Decrevit Eclipſis ſenſibiliter- - = - 

2 43 oo 2 33 28 Inter Cuſpides Obſcur. iter. 1897 =| 9 20 

2 fo oo| 2 40 281Fjxis; fed Dubius Mihi 

2 54 oof 2 44 28|Finita certè, Miniſtro Fabro Conſentiente. 

2 F7 oo 2 47 28|Penumbra Denſa. 

3 11 oo| 3 1 28|Ftiam adhuc. yo 

3 20 oo] 3 10 280 Limbus Auſtrinus haud adhuc Limbi Borei Cla- 


ritudinem recuperaverat. Sed Jux-ejus-he- 
betior quam in Limbo Boreo, ut in prima 
Obſervat ione apparuit. 


8 ES | LI. Artis 


( 3385) 
LI. Artis profecto Laboriſque haud exigui erat Tubos, etſi breviores ſe. 5 | 

6 & 7, pedum, adeo firmiter continue ad Luzam retinere, ut Penumbram ERS — 
rectè diſcernere potuerimus, Phaſeſque omnes exactè deſignare, per quas ni- (S. N.) 1585. 

mirum Maculas tranſirent, vel quas omni tempore attingerent. Attamen pro 5 I 

viribus, quouſque ſevera Tempeitas atque tranſeuntes Nubeculæ permittebant, N. 178.4256. 

rem peregi. Notandum imprimis habes, quod Denſiſſima Penumbra genuinum 

Iritium Eclipſeos præceſſerit, ita ut vix ac ne vix verum Initium difcernere qui- 

verim. Colorem quod attinet, hunc in hac Eclip/i maxime notandum habes; 

quippe talem diverſitatem raro admodum in ipſo Colore deprehendi: modo 

enim erat Ferrugineus vel Muſtelinus; Jngruenti vero Tozali Ob/curatione, 

Limbus Lune circumcirca erat Sublividus, ex parte Subluſtris, & Rubicun- 

dus; verum in Lunæ Medio, quaſi ſatis Denſa & Obſcura Nubecula conlpi- 

ciebatur, ut vix Maculas recte in Luna diſtinguere potuerimus; que Nigri- 

cantior Umbra paulatim ſucceſſive verſus Dextram, & Paludem Mceotidew 

promovebatur, fic ut circa Initium Recuperationis Luminis tota genuina Um- 

bra admodum Obſcura, & Nigricans appareret, atque circa ultimam annota- 

tam Phaſin reliqua pars adhuc Obſcurata Lunæ, ſive ejus Limbus, neutiquam 

deprehendi vel minimum potuerit. „„ 


Q, Tempus ſerh T | £717 udin. | f | 
= ol Horolog, ex Notanda. | &, D, &|Per quas Maculas tranſiverint Um- 
Y | Alt. Corr. Fixarum.  bre Seftiones. 

„ ; . EE | 
- {EN Altitudo 0 12 39 © 
2 h. f !11Meridiana. ] 
5 Iz 10 ojAltitudo & {154.0 
| 4 28 0 Altitudo 949 o 6 
I 30 Altitudo Ca- 
| | pelle. 1170 © 
[5 8 ofAltitudoCa-| 
V 31 2 ofDub. | 
9 32 2 Penumbra | _ - 
| 9 42 3 Penumbra | | 
55100 | | | 
9 48 F, Penumbra. 8 263 
J. IDenſiſſima. | * 
19 50 10, Init. quan- 1 | 
Ka tum collig. i | | F 
I dabatur. |] b 
19 53 20 Pal. Maræotiꝗ FAO! 8 
N Jam tota e- Ad M. Audum, & Pal. Maræotidem.] 
| rat tecta. = | | 
lial&f7 @ ....: $f 2] Per Germaniclanum ad Mare Hrti- 
| : 1 : | | —_ wrt | cum, & M. Acabe. 
310 © YIM. Porphyrit| Ad M. Porphyritem, per Mare Syr- 
1. | nond. plane ticum, Montemque Ajacem. 
5. 2 tect. erat. | Per 
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4% 3 5 


7110 6 250 


6110 10 25 


7110 14 FF 
$110 19 55 


S110 24 5 


oo 27 10 


11ro 31 27 
12110 36 © 
l3jlo 41 20] 
1400 45 35 
15110 48 400 


1610 52 10 


jam tota 


e Melos 


tecta erat. 


nam & Inf. Tarracinmam, per 


Sinum Syrbonis, & Paludes A- 
rabiæ. 


Ad Inf. Ficariam, Maltam, M. 
Athos, per M. FRA & M. 


Tr 01CUM. 


1g Ad Sinum Apollinis, per Inſ. Erro- 


ris, per M. Ainam, Inſ. Letoam 
& Didymam. 

Supra Sin Apollinis, ad Lacum Her- 
culeum, Inf. Sicilie, per M. Par- 
thenium & Taigetum, ad Inſ. Me- 
bos & Mont. Lion. 


[Ad Inſ. Minorcam, per Sinum Pa- 


tum Raphidim. 
Ad M. Liguſtinum, Panyeum, | inter 


Libanum & Leir. 


M. Cimæum, Momemnque Cal. 
chaſtan. 


um, Taurum, & M. Delangueros. 


aneam, M. Amanum & Antitau- 
rum. 


Per Inſ. Macram, per Erichtenios 


Arceſam. 


que Parapomiſum. 

Ad Lacum Hyperbor. Inferiorem, 
M. Immerium, per M. Coracem, 
Taucan, Sin. Inferiorem Maris 
Caſpii. 

Per Montes Ripheos, Pal. Maæori- 


dem, Inſ. Majorem Caſpii & M. 
NMeroſum. Ws * , | 


Luna 


Per M. Petri, inter Inf. Circin- 


ſtanum, M. Micalo, lol. Cyprum, 
M. Hor. ad M. Sinai & Deſer- 
M. Sipulum & Didymum, per M. 
Supra M. Nigrum Minorem, per 
M. Appenninum, Inſ. Besbicam, 
Ad Montes Serrorum, & eib 


ad Byzantium, per M. Hormini- 


Per Montes Macrocemnios, Inf. Cy-| 


Scopulos, Kin. Athenienſem, & Pal.] 


ber Lac. Hyperbor. Superiorem, Pal, 


Byces, Inf. Acam, M. Herculis, 
Sin. Extremum Ponti, Montem- | 


1 5 7h 2 „ 
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Ad Mont. Audum, haud procul i 


Per Mare Toms, Mare Hrticum, 


Per M. Atlantem Minorem, inter 
Inf. Circinnam & Inſ. J. araciniam, 
per Mare Agyptiacum, Sin. Sir- 


Ad Inſ. Majorc. Sardin. & Fer. per] 
M. #tnam, Inſ. Melos, ad Mont. 


. 
10 56 3 Tuna nond. 
plenè Ob- 
| ſcurata. 
to 758 25 Totalis Im- 
| | merſio. 
09S | 
11 20 4 Altitud. Pro- 
| £Y077s. 
11 25 4fjEadem Alti- 
2 l 
[1 36 oſObſcura illa 
Umbra vel] 
| Nubec. pla- 
ne in Med. 
Diſci Lun. 
conſiſtebat. 
12 43 of/nit. Emerſio- 
nis ſeu Re-“ 
1 cuper. Lu- i 
minis. | 
17J[t2 46 40|Palus Mare- 
otis jam pe- Palude Maretide. 
nitus tecta. 
1812 Fx © 
| Montemque Caſium. 
19 12 E7 O | | 
ö | 
bouts, Montemq; Pharan. 
ir 0 
id Aune 2  Hajalon. 


Initium Eclipſeos paulo ſupra Paludem Maræotidem extitit. 


Totalis Obſcuratio, ad Montem Sanctum, infra Paludem Maræotidem accidit. | 


Recuperatio Luminis ferè Ibidem contigit ubi Initium cœpit. 


X x The 


1 


2. 
As Nurem- 
burg; byM. G. 
C. Eimmart. 
N. 182. p. 146. 


(335) 
h. 27 > | * 


9 19 oo The Penumbra was very obſcure, and the Beginning of the E- 

| -lipſe was at hand. I 

9 22 30] The Eclipſe was begun, the Quantity almoſt half a Digit, and 

the Diſtance between the Cuſps was about 42 Degrees of the 

Moon's Limb, and Palus Maræotis was juſt all eclipſed; hence 
we may conclude the Beginning about g. 21“. 30“. 

10 23 30] As near as I can collect, was the time of the Total Immerſion 

into the Shadow, to verify which, the Azimuth of the Moon's 


| Center was obſerved to the Eaſt, 419. 18“; 2/ 12!! of Time af- 
ter the ſaid Immer ſion. FP hed OR [8 
12 13 of Or 10f 13!1 before the Culmination of the Right Shoulder of 


Orion, was the Emerſion, or firſt Appearance of the Moon out of 
the Total Darkneſs. 


1 14fere Was the juſt End of the Eclipſe; being 2! 200 before the Cul- 
| mination of Syrius. | 


Whence the Middle of this Eclipſe ſhould have happened at 11h. 18! 5. 1. 


at Nuremburg: the Total Duration zh. 52! 4”; and the Total Darkneſs 1". 


By M. J. Ph. 
r. 


urtzelbau 
Ibid. p. 147. 


49“ zoll. 


The Meridian Altitude of the Moon's upper Limb was obſerved 630. 230 
50, and the Moon's apparent Diameter while totally eclipſed was found 
3 N 


3. M. Murtrellaur made uſe of a Pendulum Clock, corrected by Altitudes: 
According to his Obſervation, N 1 
h. 1 # | ” | 


9 23 3o| Was the Beginning of the Eclipſe; at about 119 Degrees of 
F the Limb of the Moon in Hevelius's Selenography. 

9 24 fol Palus Maræotis was all covered. 
10 25 20| The Total Immer/ion, about the 299th Degree of the Limb of 
100 Moon 


12 11 30] The Moon began to emerge out of the Shadow, about the 1 12th 


Degree of her Limb. | 
1 14 30] The Eud of the Eclipſe, about the 295th Degree of the Limb. 
| «bes | 


By theſe Obſervations, the Middle of the Eclipſe ought to have been about 


IIb. 190. p. n. at Nuremburg; differing but one Minute from M. Eimmart's 


Obſervation. „ | : Dy 
The Duration will be zh. 51, and the Total Darkneſs 1h. 46!" 
| 3 
FA Lisbon j by 4. Initium 70 8 = a <P 8 O2 | 
Mr. Jacobs. Immerſio ee 9 086 
N. 184+ p+ 206, Emer ſio . 10 FO 
„ 


Finis = 


"T7  Phajs, 


= 2225 r ET: 2 * E 
22.0000 


339) 


| . Temp. In 
15 3 B An Eclipſe of the © 
1 . | Moon Nov.19, 
Penumbra Notabilis 49 1F oo 1686. at Dub- 
Initium ob interpoſitas Nubes præ- N 9 LY. _ 
ciſe determinare haud licuit, i-. 3} N. 185, 9-446, 
deoque incertius pono Eclip/in in- | TY oe | 
cepille ad 9". 25. vel - 4.9 27 oof 
| Umbra ad Paludem Maræotim | o 38 20 
IPalus Maræotis tea - - 49 40 20fx 
Mons Sinai tegitur « - - - | 9 46 3oÞ* 
Mons Thambes tectus 40 on 20x 
Mons Audus tegitur - - < -|10 08 oc 


. | Mons Neprunus tectus - - = -j10 14 oe 
& Umbra ad Montem Sipylum = 0 15 10|* 
| | nſula Circinna tegitur = - - -|16 16 40 
B Ad Montem Didymum - - 710 18 20k 
_ [Mons Didymas tegitur = - - Ito 20 10 
Y Emergit M. Audus - - - 410 23 oo 
Z Umbra ad Paludem Maræotim |10 48 3c 
Emergit Mareotis = - 410 fz oof 
Ad Montem Sinai - - 711 38 oo 
Emergit Sina. 411 39 30 


inis Eclipſissss J 4 00 


Notanda. Tempora ſunt Horologii Oſcillatorii ad Stellas fixas rectificati. 
Quæ Aſteriſino notantur Obſervationes, per hiantes Nubes captæ ſunt, a- 
deoque accuratas haberi nolo. Quantitatem hujus Eclipſis ſex puto Digi- 
Forum. | 5 


LIII. Half a Quarter of an Hour after 7 in the Evening, the Moon aroſe As Raf the 
clear, but of a deep Red Colour without any Sign of Eclipſe: Ar 7 4 the a Apr. 5 
Moon went into a thick Cloud, but was again clear at 7h. 38/. when the 14 7 
Under fide of the Body of the Moon was begun to be ob/cured, in a clear Timmerman. 
Sky; the being then in the 25th Degree of Libra, and 6% above the Hori- N 2 455 

zon. (Suppole the Center.) At gh, the whole Under fide of the Moon was 
eclipſed ; and about 8' after ↄh it was at the Height, or rather ſeemed to de- 
creaſe. At bh there was ſtill a third Part of the Moon eclipſed. (Suppoſe 
of her Circumference.) About 10h. it decreaſed apace, and at 10 there 


was but little to be ſeen: At 10h. 457. it was certainly ended, the Moon be- 
ing then about 220 high. 
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LIV. 1. 5 * 
An Eclipſe of the . 
NN 3 Inner fo ons. [fines Emerſions. | Times. 
Gert Yo. ET” _— 
N. 235. f. 784 The Beginning = = = 8 82 Porphyrites, and the middle 
Porphyrites immerged- 6 16 | of M. Aitna - 8 7 oo| 
North part of Maræotis 6 214 Horminiuns 48 17 30 
Lacus Niger Maj. and South Mons Herculis = = 48 18 30 
| End of Maræotis — <6 26 |Besbicus = » 48 21 00 
Besbicus = = = = = 6 463 | Apollonia = = 48 26 If 
Apollonia = = = = <6 49: |Byzantium- - = 48 29 00 
IByzantiu = = = = 46 53 Lacus Niger Major — 48 322 
| Horminins = = 46 59 South part of Mæotis - -|8 35 
North-part of Metis - | 25|North part of Mzotis - 45 43 
Mons Corax = =. = <7 32 The End » =- = = + 49; 
| Mons Herculis = = = 10 
| | South part, of Meotis - 1, 12 * 
About the Middle there remained Xx 26"! of the luminous par t, and conſe- 
| quently the Digits eclipſed 82. 
2. 5 | 25 — 
| Pr: | 3 5 1 
* Ja. Caſ- . Tem. Cor. © Obſervationes. 
. 1 10 
XXXIX. 2. 4 6 20 36]2romontorium Acuram ad 2 Obliquum. 
1B 6 21 27]2rzcedens Lune Margo ad Perpendiculare. 
6 6 22 3 Promontorium Acutum ad Perpendiculare. 
C — Blo oo 36 Differentia Tranſitus per filum Perpendiculare,| 


„ 


Precedente. 


quz eſt Longitudo Promontorii Acuti à Margine 


C— Aſo 1 27]Differentia Tranſitus Promontorii Acuti inter 1. O- 
| | | bliquum & Perpendiculare, quæ <jus eſt Latitu- 
= | do a Margine Boreali. 
16 32 34|Lung inter Nudes — adhuc apparuit integra. 
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In Prima Phaj. 


Del 
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TEES Si 


00 
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23 IInitium Maris Criſii ad 1 Obl. 
fo[Promontorium Acutum ad 1 Obl. 
12|Plinius ad 1 Obl. 

25} Menelaus ad 1 Obl. 

33 Manilius ad 1 Obl. 

43 Primus Margo ad Perpendiculare. 
oo[Proclus ad Perpendiculare. | 
2o]Promontorium Acutum ad Perpendiculare. 


26 Margo Sequens ad 1 Obl. 


30. 


000 


33 
Jſ 
49 


14 


Menelaus ad Perpendiculare. 
Cornu Præcedens Lunæ ad Perpendiculare, 
ipſa tangit Filum Horiz. 


21 Cornu Sequens ad 1 Obl. 

3 Menelaus ad 2 Obl. 

„Cornu Sequens ad Verticale. 
o7, Margo Sequens ad Perpendiculare. 


Cornu Sequens ad 2 Obl. 
Grimaldus ad 2 Obl. 
Sequens Margo ad 2 Obl. 


Co OE eo bt — — — 


Tranſitus Lune per Perpendiculare. 
Tranſitus Lune per 2 Obl. 

Prom. Acuti Longitudo a Margine Præced. 
Prom. Acuti Latitudo a Margine Boreal... 
Menelai Longitudo a Margine Præcedente. 


Menelai Latitudo a Margine Boreali, 
Cornu Præcedentis Longit. a Marg. Præced. 


Latitudo nulla. | 
Cornu Sequentis Longit. a Marg. Præced. 
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Latitudo ejuſdem Cornu a Margine Borcali. 
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In Secunda Phafz. 


+ 8 — EIEe 
6 400 Margo Præcedens ad Perpendiculare. 
7 S Cornu Præced. ad Verticale. 
7 47|Cornu Seq. ad 1 Obl. 
8 19 Margo Seq. ad 1 Obl. 
9 4{Cornu Seg. ad Verticale. 
12 22 Umbra ad Manilium. 


B — Ab o 28|Cornu Preced. Long. à Marg. præcedente. 
E — Ap 2 24|Cornu Seg. Longit. a Marg. Orientali. 
E — CO 1 17|Cornu Seq. Lat. a Marg. Auſtrali. 


In Tertia Phaſi. 


h. ! 77 . 7 : | . 
A 7 19 3o|Cornu Præced. ad 1 Obl. 

B 7 21 Margo Præced. ad Verticale. 
GC 21. Io|Cornu Præced. ad Verticale. 
D 21 FilMargo Præced. ad 2 Obl. 

E [7 22 24|Cornu Seq. ad 1 Obl. 

22 47\Margo Seq. ad 1 Obl. 
G 23 Cornu Præced. ad 2 Obl. 
H 23 31|Cornu eg. ad Verticale. 

[ 24 40 Cornu Seq. ad 2 Obl. 

Umbra ad Dionyſium. 


o IofCornu Præcedentis Long. a Marg. Orientali. 

1 49 Cornu Præced. Latit. a Marg. Auſtrali. 
G —Co 1 foſ[Eadem Latitudo. | 

2 22 Cornu Seq. Long. a Marg. præcedente. 

1 Cornu Seq. Lat. a Marg. Auſtrali. 

1 ogEadem Latitudo, 
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Quarta Phaſi. 


BI, 


24 


65 
72 
— 2 


33 f 

Cornu Præcedens ad 1 Obliquum. 
Cornu Præced. ad Verticale. 
Margo Preced. ad 1 Obl. 


Cornu Præced. ad 2 Obl. 


Cornu Sequens ad 1 Obl. 

Margo Sequens ad 1 Obl. 
argo Sequens ad Verticale. 
ornu $equens ad 2. Qbl. 


Margo Preced. ad Verticale. 
Cornu Preced. Long. a Marg. Præced. 
Corn Preced. Lat. a Margine Auſtrali. 


Differentia Tranſitus Cornu Seg. inter Obl. 
Dimidium, Lat. Cornu Seq. A Marg. Auſtrali. 
Cornu Sequens ad Verticale. 


Longit. Cornu Seq. i Margine Præcedente. 


In Quinta Phaj.. 
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76 
34 
30 
16 


76 
By 
29 


22|Cornu Præced. ad 1 Obl. 

; 04|Promontorium Acutum in Umbra. 
18|Cornu Precedens ad Verticale. 

58D Margo Præcedens ad 2 Obl. 

29 Cornu Seg. ad 1 Obl. 


. 


* 


Margo Seq. ad 1 Obl. 
Margo Preced. ad 1 Obl. 
Longit. Obl. Promontorii Acuti a 1 Obl. 


Margo Preced. ad Perpendiculare. 


02|Cornu Præced. Long. a Marg. Præced. 


Cornu Preced. Lat. à Marg. Auſtrali. 
Long. Obli. à 1 Obl. ad Max. Long. 3' 24“. 
Complementum. 


| 
27 


[dem Complementum. Medium of 28". 
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In Sexta Phaſi. 
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PORO>RA 


#4 06|Cornu Precedens ad 1 Obl. 
#4 44|Promont. Acutum ad 1 Ob]. 
#4 yolCornu Preced. ad Perpend. 
55 38|Margo Præced. ad 2 Obl. 
55 Cornu Præced. ad 2 Obl. 

76 o4 Cornu Seq. ad 1 Obl. 

76 36 [Margo Seg. ad 1 Obl. 

57 20|Cornu Sequens ad Verticale. 


73 140 Margo Preced. ad 1 Obl. 
#4 76 Margo Preced. ad Perpend. 
00 O3 Cornu Præced. Long. a Marg. Præced. 


02 7 Cornu Præced. Lat. à Marg. Auſtrali. 


02 24 Longitudo Cornu Sequentis à a Marg. Præced. 


o1 16 Latitudo Cornu Seq. a Marg. Auſtrali. 
ol 30l Longitudo — Prom. Acuti a a 1 Obl. 
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In Leptima Phaji. 


0 0 e e e e 
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II — 


O O O 9 0 


1 | ST a 
6 F8[Cornu Preced. ad 1 Obl. 

7 39|Cornu Præced. ad Perpend. 

8 1f5|Margo Preced. ad 2 Obl. 

8 21|Cornu Præced. ad 2 Obl. 

8 5yMedium Umbrye ad Perpend. fere. 
9 140 Margo Sequens ad 1 Obl. 

9 5 Lornu Sequens ad Verticale. 

9 58 Margo Sequens ad Verticale. 


ſil Margo Preced. ad 1 Obl. 

33] Margo Preced. ad Perpend. 

06|Cornu Præced. Long. a'Margine Præced. 
41 


c Preced. Lat. a Margine Auſtrali. 
2 221Cornu Sequentis Long. a Marg. Praced. 
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In Ofa- 


In Octava Phaſi, 
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8 23 53|Cornu Precedens ad 1 Obl. 
8 24 24|Corne Preced. ad Perpend. 
8 24 Margo Præced. ad 2 Obl. 
8 24 Cornu Preced. ad 2 Obl. 
8 27 Margo Seq. ad 1 Obl. 
8 26 26|Cornu Seq. ad Perpend. 
8 26 38|Margo Seq. ad Vert. 
GG 8 28 200Cornu Seq. ad 2 Obl. 
— 0! 42'” = Kj8 24 13] Margo Preced. ad Perpend. 
Ko oo 11]Longitudo Cornu Præced. i Marg. Præced. 


N Lau, Cornu Preced. a Marg. Auſtrali. 


Ko o2 1 3|Longitudo Cornu Seq. a Marg. Præced. 
Flo ol f4\Latitudo Cornu Seq. a Marg. Auſtrali. 
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In Nona Phaſ.. 

— | 77 | — — — — — 

8 49 2 Preced. ad 1 Obl. 

8 49 42|Eclipfis Goncavitas ad 1 Obl. 

8 fo o Cornu Præced. ad Verticale. 

8 fo 41 Margo Preced, ad 2 Obl. 

8 50 5i¶Cornu Preced. ad 2 Obl. 

71 34 [Cornu Seq. ad Verticale. 
43 Margo Seg. ad 1 Obl. 
72 260 Margo Segq. ad Vert. 

— 27 24 = 18 yo o2|Margo Præced. ad Perpend. 
5 IÞ oo 06]Longitudo Cornu Preced. a Marg. Præced. 
Aſo oo 43 


. 
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Launudo Cornu Præced. à Marg. Auſtrali. 
Fo or 32 Longit. Cornu Seq, a Marg. Præced. 
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In Decima Phaſi. 


Fo Fn Fm N 


h 9 5 

9 4 29 Cornu Præcedens ad 1 Obl. 

9 5 4 Umbra recedit a Plinio. 
o F 53 Cornu Seq. ad x Obl. 

9 

9 

9 


6 17 Cornu Præced. ad 2 Obl. 
7 2Margo Seq. ad 1 Obl. 

7 Margo Sed. ad Vert. 

— 2' 42!! = Hlp F 200 Margo Preced. ad Vert. | 
p 1 48{Tranſitus Cornu Preced. inter Obliquos. z 
o 54/DimidiumLaz.CornuPrec.a Marg. Aultrali. 
9 F 23|Cornu Preced. ad Verticale. 

00 3|Longitudo Cornu Præced. a Marg. Præced. 


4 f + © Margo Preced. ad 1 Obl. 

2 - 2 25 Long. Obliqua Cornu Seq. à 1 Obliquo. 
9 9 4|Umbra recedit a Langreno. 
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9 19 Finis Maris Tranquillitatis. 
13 4oldriſtoteles. . 
Finis Maris Criſii. 


14 39 


21 34 Finis. 
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| Tempus h 85 Wi 

TuxtaHor Diſtantiæ Tempus ex "TY 
Amb.ma. & Altit. | Alt. Corr. A Tranſit of the 

= ns Loh ER, Xs I Moonebove'V e- 

0 1 5 | „ Th 1 | e bee. 
3 47 20ÞAltitudo Eacide - 44 35410] by Oy ram Hock 1 
3 50 3f]Eadem Altitudo - <- =< = A 21 Of 3 57 2.8 N.. #-6026, 
7 47 44 Diſtantia 2a * — - 15 . 1 57 54 44 

Ir 48 35 Diſt.) Limb. Orient. 4% 435 25 30 5 oF 35 

„%% TIT - -:- +». -- 47 0 Af f9 of 

7 53 40 Diſt.) Limb. Orient. a F - - 35 29 19] 6 0 40 

6 12 3o[Diſt. 2 a * . 35 FO 200 6 6 © 

| 14 z Diſt. D Limb. Orient. a „( 17 1116 5:0 

5 37 ofDift. 2 a , quantum nudo oculo 

dijudicari potuit = - - - Jo 6 of6Fft © | 

[7 12 oſDiſt. 2 4 Limbo Infer. - - Jo F 7 7 © 

7 17 .o[Diſt. 9 3 © Limb. Infer. - - - O 4 0 7 11 of 
17 35 OPenus clare apparuit - =- = + 75 
jo I1 OPienus permanſit conſpicua . 912 © 

9 If 48Altitudo Solis - - - - 19 8 ol 9 17 20 

o 17 39lAltitudo Solis - - - = = 19 8 9 10 4 


EVI. Initium Occultationis accidit 3Þ. 38“. 2710. mane, circa Montem Ger- An Occultatios 
manicianum. Linea Itineraria, quantum ex ſolo Ingreſſu haud obſcure colligere Nieon. June z. 
licuit, tranſiit per M. Atnam, Centrum fere Lune, per M. Hormininm, M. (S. N.) 1671. 
Herculis, & ſuperiorem partem Maris Caſpii. Ego, quantum memini, bis tan- 3, UHL 
tum, ſi hujus Anni Obſervationem excipias, intra 41 Annos, Saturnum a Lu- N. 78. r 
na tectum vidi; Anno nimirum 1630.” Die 29 Junii, veſp. 11h. cum in Freto 
Danico circa Inſulam Huennam verſarer: Rurſus Anno 1661. Die 3. Auguſt: 
hic Dantiſci 75. 58". 20!!, Veſp. . 


LVII. Sudo admodum Ccelo, Lunam protinus Orientem, nec non paulo poſt Rt of the 


 Fovem, Tubo 20. pedum ſumma Aviditate excepimus, atque deprehendimus Moon aboveJu- 


Octante noſtro permagno Orichalcico, 9 fere pedum Radio, 7ovem a Lune oe? 5 
Limbo Orientali adhuc 1 237 40“ efſe remotum; Jovialeſque omnes qua- i Dantzick ; | 
tuor à Dextra, à qua Luna accedebat, adeſſe. Ipſum quidem Conjunctionis N + at 
momentum inſperatus quidam Caſus infelicior deprehendere prohibuit. Cum ee 
enim Jupiter ad Limbum Lunæ Orientalem ad 3“ jam accederet, atque ad 6 


duntaxat a Linea Conjunctionis, per utrumque Cornu ducta, diſtaret, ecce 
| . 2 ſuper- 


(348) 


ſupervenientes Nubeculas, quæ tam Jovem quam ipſam Lunam, nobis E con- 
ſpectu eripuerunt. Tabulæ Rudolphinæ Occultationem, eamque multo citius 
promiſere, nulla tamen omnino fuerit, ſed arctiſſimus ſolummodo, ad duos pro- 
pemodum Digitos, Tranſitus extiterit, Hora ſcil. 7. 26 00. | 


4 LVIII. Alta Luna 20? fol. cepi ipſius Diametrum 32! 48'/; & Alta ipsa 
cultation © Ira 1 2 7 = Ties in Hor Semidi : 
of the Pleiades 19* 23 / rurſus eam cepi, 327 47“. Ergo Lune in Horizonte Semidiameter 
Ru Moon, erat vera 16' 19/'. Plus tamen etiamnum ab Occidentali Stella Pleiadum ab- 
ws 5 3: 1672» fuit quam commode caperet Teleſcopium. At 11. 197, p. m. Alta Stella b 
At Derby; A: f f 5 . 3 + 
Mr.Flamfteed. Occidentali Pleiadum, go go'; ejuſdem Stellæ diſtantiam cepi, à Cornu Lune 
N. 86. p. 5034. Proximo 11* 58”. Divertens deinde ſubito ad Stellæ altitudinem (oſtenſam 
fg. 116. Quadrante, 20 digitorum Radio, ad Tubi latus affixo) notandam, & con- 
tinuo reverſus, Stellam (quippe tunc a Luna Team) non comperi. In- 
terea Luna deſcenderat Minuta 10, ſimulque tantundem Stella, quam ſubi- 
iſſe Lunam 116. 204/ ex ſequente Phaſi conjicio: Etenim 11. 30Z', Alta 
Stella e. 8* 437, Stellam c, à Luna tectam conſpexi. Ejus cum cepiſſem a 
Cornu Proximoi Dſtantiam 160 35“, ſpatium Temporis inter hujus & præce- 
dentis Occultationem, editis ſupputationibus, conſtitui 9 37“; quæ Tempori 
hujus Phaſeos ſublatæ, dant utique præcedentis Occultationis Tempus ut con- 
{tirui. Dog. | og oe 
I Ih. 372', alta Stella c. 11* 3710, ipſa Lunam ſubiit, me interea diſtantiam 
ejus dimetiente 227 36“ a Cornu Lune apparenter Inferiori, ſed Superiori 
vere. Erat, Stella evaneſcente, Lune Semidiameter apparens 16! 21! quæ 
propterea occultata erat 87* 25”. Peripheriæ Lunaris a Cuſpide Superiori, cujus 
erat Reclinatio (a Linea per Centrum ejus, Ecliptice ducta perpendicular: ) 
19 37'. Sic ſubingreſſus Stellæ fuit 4 12' ſupra Lineam per Centrum Lune 
Eclipticæ ductam Parallelam, & Lane Centrum in Antecedentia Stellæ 16' 18“ 
cum minori Latitudine 1 12/1. 
Fixæ Locus Authori Carolino © 259 1! 24! ; Latitudo perpetua 4* 20139 “/; 
quamobrem Lune Locus Apparens hora Apparenti Derbiæ 11h. 372 p. m. erat 
N 2404/6“, & Latitudo viſa 4* 19 27, Bor. 3 
Notatu præterea digniſſimum, quod etiamſi omnes fere omnium Aſtrono- 
morum Hypotheſes, Lunæ Plenæ Perigeæ in Quadraturis Majorem tribuant Dia- 
metrum, & proinde Minorem a Terra Diſtantiam quam in Syzygtis aut Opp 
ſitionibus Perigæis; contrarium tamen Ceelitus fieri & evenire: Luna etenim 
Plena Perigea tranſiens juxta Pleiadas, Nov. 6. 1671. Majorem habebat Dia- 


metrum quam in hoc Tranſitu, quando in eodem fere loco à Sole diſtitit gra- 
dus 70, Lune Semidiameter Horizontalis I 


Nov. 6. 1671. Bullialdo 71' 00" | Streetio 16' 39" | Obſervata 17! oof! 
Feb. 23. 1672, _ I7 fo | (10 - I6 19 
+ yol SM + 

Amplius 


"> 1300) 


Amplius non nunc miramur Lunam tam diu numerorum recuſaſſe vincula 
& de Tabulis ſuppurata apparentiarum tempora ulſquz adeo expectationes no- 


ſtras fefelliſſe; a talſis quandoquidem Hypatheſibus ipſas plerumque conſtru- 
&as fuiſſe liquet. a 


LIX. April 2. (St. N.) 6*. go". v. A Line drawn through the Horns of * : 
the Moon paſſed through the Star that is at the Point of the Northern Horn 16771 5 
of Taurus; and the Diſtance of this Star to the Northern Horn of the Moon, Caſlini. 


was by a Minute greater than the Semidiameter of the Moon. N. 82, p. 4047- 


LX. Immerſio Stellæ Sequentis Duarum in Siniftro Pede poſteriori Leonis fait 5 g ee 
10. 19' 34". Immerſionis plaga fuit juxta Finem Schicardi verſus Phocilidem by the Moon, 


in Selenographia Riccioli. . = 48. (80% 
Emerſio vero fuit 110. 16! 40'! in æquali a recta diſtantia a Yendelino & ar Pars! by 
Petavio. © | Ar. Caſſini, 


Per puncta [mer/onis & Emerſionis, diligenter notata, ducta recta Linea W123. f. Jer. 
Diametrum illi perpendicularem abſcidit in ratione 6' 45”, ad 26' 5” 
Fuit autem Diameter Lune ad Meridianum accedentis 32“ fo”. 
12), 291. Margo Lune Superior fuit in eodem Parellelo cum Stella, quæ 
tunc præcedebat Lunam minuto horario 1! 0% . | 
12. 45! 187”, Stella præcedebat Marginem Occidentalem Zune minutis 
horar. 2! 117 Lune Diameter pertranſibat 2/ 140. . 
12". 720 35“. Stella præcedebat eundem Marginem 2! 27%. 
Altitudo Meridiana Limbi Inferioris Lune capta eſt 399 25! 25. 


LXI. 

A Tranſit of thy 
Moon above ju- 
piter, Feb. 28. 
m. 167... at 
Greeny ich: by 
Mr. Flamſteed. 
bid. p. 566, 


An Occultation 


of Mars by the 
. Moon, Aug.21, 
1676. atGreen- 
wich; by Mr, 
| FlamRteed. 


N. 129 p. 723. 


WS 


SF. 88 2 


88 ON 


{ 


( 350) + 


— 


— 


Hor. Hos ol. 
correcta. Alt. & Diſtantiæ. ; 
ET 3 
4 20 15 a Limbo Lune Lucido 426 9 
447 © Lune Capta Diameter = = 31 30 
4 49 34 a Cuſpide Proximo - 6 28 
4 72 Sik Rectam perCuſpides ductam 
| præterierat decima parte Di- | 
ſtantiz vel 3/ circiter, ocular; 
| per Tubum conjuctur -- 
4 56 o A Cuſpide R 127 33 
IF 1 15 A Recta per Cuſpides - 17 53l 
7 3 3o|—a Cuſpide - - 2d 22 
FH TW + '- - » I'S Fi 
J Ine. -. \'> =" = 71 FE 
5 If foſ— a Cuſpide - - - 430 27 
7 21 20]— a Limbo Remotiori dub. 62 4 
7 26 of— a Cuſpide Proximo - 33 9 
7 31 25.— A Recta per Cafſpides - 20 9 
„ e e e no 
| 5 41 10 — Lane Altæ 107 gr. Diame- 
DES eit 31 53 
5 48 zo Differentia Altit. Limbi K 
BY | Inferioris & # =- = = <23 1 
7 52 400 a Cuſpide enema aberat.|4.1 40 
6 9 10 — a Cuſpide dub. - - - -J47 29 


LXII. 1. Aug. 21. A. 1676. ante l pro e Horologii 
has Limbi Solaris Algtudines acceperam. 


— — 


222 | 

rologii. Altitudines. Hor. Sup. Hor Err 
h. | 4 | as 7» 10 I Mo. 1b WO 
8 04 31]Alt. Limbi Solis Infer. [26 04 |8 o 260 4 oF 
8 7 qzþ =» - - 4 10 35ff 4 f3 
8 7.58 -- - = "a9 34Þ 12 $37 4 55 
8 9 1 - 2426 4448 14 o3ff 4 53 
18 10 IF] - - - - = +26 54 |8 15 120 4 57 
8 17 15] - - - - - +127 54 |8 22 oglf 4 54 


Deinde poſt Meridiem, cœlo ſereniſſimo. 
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n Correcta. Diſfantiæ. 
h. "Ty. 7 | Let 
10 4F 03[10 49 F8}Mars à Limbo Lucido Luze [127 =[42 08: 
11 06 11811 11 ofjEadem Dittantia - - - 3829 z 29 
1 20 ooſLI 24 ffilterum - - - - 2300/7 =[24 44 
[I 35 77 40 52 Denujo - 1982 Ats 18 
11 57 31[12 02 26 & Z. five Diff. Alt. Limb, Inf Gz =Þ7 35; 
[Jamq; qz,tubo ped. 16 fa Limboltifd = y 47 
12 of oo o9 ffjPlanetanudis oculis diutius con- | | 
| ſpici non potuit. 
12 9 4412 14. 30% Lux cum lumine Lunæ con- 
ä fuſa. G TP. 46187 =| 9 44 
12 10 N 12 14 580% penitus Tect. a Cuſp. Boreo. 3477 =|[17 20 
12 18 38012 23 33[41* 2 Recta per Culpides| 
1 ducta apparuit. 
12 20 36012 27 31]41* GS 2 1 vel 88 Tu- 
bo breviori - = 3912 =j32 10 
12 24 78012 29 1 Cuſpide iterum coder 8 
„ ubo - - - 2357 =132 21 
112 46 oo[I2 fo fy[Lune Diameter longiori tubo [#971 =[29 47 
I ©4 3oſ 1 og 25 lIterum eodem tubo - +<|#973 29 48] 
1 10 F6| 1 10 F1 Emerſ. forſan 4“ vel 5“ citius 0 
| I [3 20] I 18 24% à Cuſpide Boreo - — 43677 =|18 20 
I 18 If] I 23 Io[Eadem Difſtantia = - - 44035 o o$8] 
1 22 oof 1 26 Ff|Lune Altæ 23% Tubo longion 
3 Diameter 7988 = 9 FF 
1 2 oo| 39 FF Lune Diameter 3 Tubolz645 —=[29 58 
41* v Rnd Tychonem Locus nunc eſt & 17 584“ Latitudo 


Auſtralis; unde cum Lunæ tum Martis Locus accurate deduci poteſt. 


Temp. 


2. 
Ht Oxford 1 
Mr. Halley. 


. 5. 724. 


3. 
At Dantzick 
by M. Hevelius. 
Ibid. p. 721. 


3 * 8 


— 
— * 1 


Zemp. Cor . Difantie. 


oa 


h. 


IS! 


IT 
11 


12 


112 


— 


pf 


572 35[The Moon's Diam. obſerved 1698 =30* 1” 


— Y no _—_—_— _ 


9 WW — 2 * —_— 2 
— — — „— 5 


I "nl | 85 "= | - 
43 30 The Center of Mars from the neareſt Limb 


of the Moohs = = = = = = »- wp 12 40 
49 2 Again JJ ⁵¼ . NT EEO 3 
#4 48“A gain — 4408 28 7 12 
3 25[The Center of Mars trols the North Cuſp 7 
WE 82. — -I118 =19 41 
10 28|The gibbous part of Mars couched the Moons By 
Limb. 
10 42 Mars was wholly covered being diſtant from 
the Cuſp - - - - - 963 =17.14 


10 41 Mars did emerge, I ſuppoſe; bla Center. 


12 45|Mars was diſtant from the Northern Horn of 511 _ 8 


31 ro|Mars paſſed over a Point noted in the Tele- 
ſcope. 
33 iFſThe Southern Limb of Atna Paſſed by the 
ſame Point. | 
34 oo|[The Lucid Limb paſſed over the ſame Point 


Alt. D 31 circ. ; 


ſ7 YꝛMars from the Northern Horn of the Moon. 2042 = 


| 8 


36 5 


7 
1 1 27 Caudæ Cyguily 7 1001 8 


3 19 FO Scheat Peg. 47 303 18 191 


1 99] [ 


1 36 39 1-33: 44 Mars a Luna omnino tectus. 

I 45 25 Caudæ Cygniſy i 17] 44 7 

2 47 J4 2 46 29 Mars emicuit; Finis nempe 
Occultationis. 


F - 
2 2 41 from the Southern Horn of the Moon 2266 =|40 3 
- ——— | 

Temp. Sec. Frearum Alita. Temp. er Pr 1 — 
Hor. * Nomina. dines. alt. corr.| HAnimadvertenda. 
E . 11 | EE 


2 1 

45% Diſtabat fere tanto inter- 
ſtitio a Limbo) Lucido, 
quanto M. Porphyrites à 
M. Aina removetur. 


{ 


Mar, 


- 


3530 
Mars obtectus eſt circa Montem Audum, incedens quaſi per Loca Lune 
Paludoſa, per M. Atnam, infra Inſulam Besbicam, ſupra Paludem Acheru— 
fiam, ſupra M. Coracem, per Paludem Mevtidem, & pauld ſupra Inſulam 
Alopeciam, & ipſum Lune Centrum; ſicque rurſus ad Lacum Majorem 
Occidentalem exiens. =o 

Si quæras, unde viam itinerariam hanc adeò accurate mihi determinare 
licuerit, & quidem ad partem Lune Obſcuram, ſcias, ed eveniſſe, quod 
Tubis illis meis præcipuas Maculas majores in parte Lune Umbrosa fatis 
diſtinctè deprehendere potuerim; atque ita dilucide conſpexerim, Martem 
circa medium ferè Paludis Meotidis emicuiſſe. 


LXIII. Obſervavit Bullialdus Initium, Alto ſup. Horiz. ad occaſum Capite An Occultation 
Andromedæ 189 11', unde datur a Meridie 7h. 20' T. A. ſed Med. 7h 9 «ld 
55”. Finem vero vidit, Alta ad Occaſ. Cinguli Androm. Auſtraliori Mag. r * 
21177. unde a Meridie colligitur T. A. 8h 30“ 22“. 1678, 47 Paris; 

Monere hic neceſſum eſt Tabulas Ppilolaicas h promotiorem in Longitu- by M. Bullial- 
dine oftendere, quam in Ccelo apparet, ſcrupulis primis ut minimum 19. dus. 2. 139. 
ita ut H tunc fuerit in Cœlo in L 37 280“. & Lat. Auſt. 1? 38“. N 

In hac porrò Obſervatione adhibita Illuſt. Viri Fob. Hevelii Lunaris Diſci 
deſcriptione, in illa Limbi parte, quæ in recta linea a medio Montis Beroſi 
per Montes Riphæos ducta, paulo ſupra Alanum Montem, infra Terminos 
Auſtrales Paludum Hyperborcarum, ſita eſt, Saturnum emerſiſſe aſpeximus. 


LXIV. 1. Etiamſi nunc per quinquaginta Annos (pro quo D. O. M. im- An occultation 
mortales & debeo & habeo gratias) Obſervationibus Rerum Cœleſtium ope- Jupiter, 
ram dederim, non niſi tamen ſemel tantummodò Jovem a Luna vidi obtec- ee Jo 5 .) 
tum, Anno nempe 1646. die 24 Decembris, Sl. n. veſperi, Sole ſcilicet exiſ— . by = 
tente ſub Horizonte. Gratulor igitur mihi magnopere, quod hanc obſer- Hevelius. 
vationem, non ſolim Ccelo perquam ſereno, ſed etiam ex voto & quidem P%. Coll. n. ts 
cum gratiſſimo meo Hoſpite, Clarif. & Doctiſſimo Domino Edmundo Hal-f+ *9: 
leio obſervare potuerim. „ 

Lunam intravit ad M. Audum, & quantum conjicere dabatur ex Jovis 
Exitu, viam carpſit per Loca Paludoſa fofule Cercinnæ, ſupra Montem Al- 
nam, per Inſ. Besbicam, per Byzantium, Inſ. Apolloniam & ſuperiorem partem 
Paludis Meotidis ; fic ut paulo ſupra Centrum Lune inceſſerit, Luna habente 
aliqualem Latitudinem Auſtrinam. Deinde, quod rariſſimum, Js ap- 
parentem Diametrum in hac obſervatione accuratiſſime (ut mihi videor) 
dimenſi ſumus. Memini quidem me aliquoties Jovis Diametrum per Ma- 
culas Lunares obſervaſſe, eandem videlicet ad 55”. plus mintis accedere 
ſed hac vice diameter Jovis longe extitit minor. Cognita enim tota Dura- 
tione hujus Occultationis 38“ 10'', atque data ſimul Diametro Lunar: 320 
40“, protinus innoteſcit, ex illa temporis Mora, cum ſcilicet primum Ja- 
titer Limbo ſuo Lune Limbum attingeret, & cum rurſus occultaretur 


(id quod factum eſt ſpatio 350 Diameter Jovis, 30“ 33 Ro 
Vol L | 1 Ord. 


5 . on wt — —_——_ 


"At Paris; by 


M. Caſſini. 


ib. p. 33- 


— — — 8 _ — — — — _ 


_( 354") 


— | | x | | * 2 + | 3 
E Temp, jux tal Altitudines Fixarum & Solis, cum mt Temp. ex | © 
© 'Horol. Oſci. Jovis & Lung Limbo, Al. corr. | 
S 3 | | 1 1 ia | 

h. / 77 | 33 i": h. 4 „. 
1 18 55 Altit. Capitis Andromede — 24 52 O 1 20 54 
| 129 ofAltt. Aruri 31 3 oof 1 31 24 

I| 1 52 Of Luna Oriebatur =— =— — — | 1 54 25 

21 2 26 o Sol Oritur — — 3 28 25 

3] 3 33 o[Dift. Jovis a Limbo Lune æquabat fere] | 
| | Diametrum Lunarem —— —— — 3 35 o 

4 3 41 O Jupiter a Lune Limbo in tanta diſt, aberat 0 
z | quanta eſt diſt, M. Porph. à Mont. Sinai | 3 43 © 
5 3 58 o[Fupiter a Limbo Lune Orient. ut M. Ana] TE) 

| |] A Palude Mareotide, —— — | 4 oo of 

| ©| 4 13 50]Fupiter diſtabat a Limbo I duab. Diam. X 4 16 15 
74 14 40 Jupiter ad unicam Diam. Jovis removebatur] 4 17 5 

8, 4 15 40 Jupiter ſtringebat Lune Limbum Orient.--] 4 18 5 

9 4 10 9 Jupiter dimidia parte occultabatur 4 18 34 

10 4 16 35 Jupiter totus omnino tectus — 4 19 Of 
II; 5 14 Of Fup.nuncnotabiliparticula prodire videbatur| 5 16 25 

12 5 14 200 Dimidius Jupiter jam exiverat — 5 16 45 
13; 5 14 45 Totus Jupiter omnino prodiera ee , 


10 22 30 Altitudo © — — | 53 34 44/10 25 2 
10 27 16[Altitudo © — — 133 59 45|10 29 42 
10 30 8[Alitudo & — — |] 54 14 oſlo 32 26 
10 38 oſAltitudo 8 — —— | 54 53 40/10 40 26 
| 0 45 28 Altitudo @ — — Þ55 27 20J10 47 46 


2. At zh O“ 11”, the firſt Satellite was hid by the Eaſt Limb of the 
Moon. At zh 2/ o 2. the Eaſt- ſide of the Moon touched the Weſt-ſide of 
Jupiter: then I took the Height of Jupiter, which was 8 017, at 3 2/ 51”, 
At 3h 27 7“, Jupiter was intirely hid by the Moon. It entered at equal 
Diſtance from the two Spots Grimaldi and Ariſtarchus ; the laſt of which was 


in the Section of the Moon, which diſtinguiſhed the Light from the Dark 
part. At 2® f/ 1”, the ſecond Satellite was hid by the Eaſt-ſide of the Moon. 
At zu 5' 45”, the third Satellite was hid. At 3h 56”, we perceived by the 


Eye that Jupiter was parted from the obſcure Side of the Moon. 
M. De la Hire took the Height of Jupiler two Minutes after parting, and 
found. it 17 17%. 


Temp. 


* 


ſcrupula ſecunda Temporis, nihil in Limbo apparuit. 


( 355 ) 


3.54 Tremp. Corr, 


Locus Inmerſi zonts 
erat juxta Auſtraliſſimam revera trium Macularum parvularum medio ja- 
centium inter Paludem Maræotida & Montem Climacem. 

4h 13“ 45” Fixa non emerſerat ; tunc, vel paulo poſtea, nelcio qua oc- 
caſione, amovi oculum à Teleſcopio, at cum iterum adhibui 3 "16 42" £6 
merſam vidi & plena Luce effulgentem. 


. | ” 1 
| An {fo 
mant. OHervat. tion he 
ES > | Bull's Eye, as 
— — — — . — — — — Greens ich, 
_—_ „ Sept. 4. 1680, 
2 49 52 | Lune Cuſpis Auſtrina à Palilicio — |5300|=26 26 0 =; : nr 
2 53 10 | Palilicium à Limbo Proximo — |1028]=o0; os | TE p. 99, ; 
2 56 54 | a Cuſpide difta —— — 48300224 ob | 
3 or 16 — — rep. — [437 048 
3 05 42 | Immerſio, a Cuſpide— — JO = o 12]vel 
| 4 08 20 | Lune Diameter —— — — [bg;g;]=32 54|paulo } 
= ab Amanuenſi repetita. - 058d] =32 52 minus 
4 14 02 | Palilicium Emerſerat. SY 
14 15 12 diſtitit a Cuſpide Auſt.— 3411-7 01 
4 18 52 | rep. 3725818 35 
4 22 00 iter. — [|39Sc}=19 511 
14 23 82 dee . fee 56 
3h oz” 40”, Limbo Lunæ 185 Fixa vide batur adhærere, & poſt duo 


LXVI. 


An Occulta— 


tion of the 


Bull' s. Eye at 
Greenwich, 

Ob. 28. 1680. 
' by Mr. Flam- 
ſteed. Ph. Coll. 


[| h. 4 1 0 6 09 
4 53 20 [Tun. Limb. Prox. à Pede Cari . 26-13 25 
| 4 56 20 [Pes Orionis Lucidus a Palilicio — |26 29 25 
| 4 58 20 | Lure Limbus Prox. a Pede Orionis iter. --- 26 12 00 
| 5 04 02 | Lune Limbus Prox. a a Polluce — |44 og 10 
| 5 00 33 — [44 08 15 
5 11 55 |Lucidus Pes Orionis a Palilicio— — [26 29 40 
1 
Temp. Corr. Obſervat. 

h. 3 

7 11 52 [ Lune Diameter — — 6745 |=33 39 | 
| 7 16 26 — — — — rep. --- 6744 ==3}3 39 
| 7 19 46 Pa! Vlicium d Limbo Lucido — 5895 89 24 
| 7 24 44 
TTT 

7 51 22 — ——— — — — 


n. 4. P. 103. 


— , —¹»] In oy 


( 356) 


I tl ; 
; — — — — 8 — A 


59 34) — — — — — $10|=04 0: 


. 1 

7 „ 
3 06 09 Altingebat Limbum 

) 


06 30 Evanuit, Longitudinem Paludis Miridis ad Reed 
[5 ab ejus fine Boreo. | | f 


Boreus Limbus Mol idis, idem Aina, eandem 8 Declinationem a 


cum Loco ſubingreſſus. 
Differentia Declinationum Loci e onis & Limbi Like Borei erat 
277C0=13" 49". 
gh o2' 58”. Emergebat ab obſcuro Limbo Longitudinem Infule Majo- 
ris ab ejus Boreo Termino. 


Itineraria per Locum Emerſionis, ad Boream a Creta ipſius Diametrum, 


per Limbum Boreum Sirbonis, & Montem Climacem, tranſibat. 
gh 10“ 26” Lune Diameter —— — 6791 133 "3 0 


"4: London; 2. At London, we noted the Immerſion at 8h 6“ oO“, and that Star was 


by Mr.Halley, newly Emerged at gh 2' 52”, 
and Mr. 3. Mr. Benj. Harry, Maſter of the Berkley Caſtle, Riding at Anchor in 


Haines. 


Ph. Coll. u. f. Ballaſore Road, about 20 Miles E. S. E. — the Town, obſerved that the 
- $24: Moon paſled to the Northward of the Bull's Eye about 24 or 25 Min. and by 


22 Ballaſore his Pendulum Watch, reCtify'd by Altitudes and the Riſing and Setting of 


in India; by the Sun, he noted, that preciſely at 16h oo the BulPs Eye was in equal Alti- 


OW tude with the Moon s Center, and that at 16h 30“ the Star was in equal Al- 
7 titude with the lower Limb of the Moon, and at 17h 12“ the Occidental 
* of the Moon was in a Rignt Line with the Buli's = and — 
LXVII. 1. np. oda. Alt. 
An Occulta- | | 
tion of the _—— — — — — P——_—_ — * = — 1 — 
Bull's Eye aa .. . 5 | "i 
21 a. 6 47 00 Palllicium diſtabat à confinio Lucis & Umbræ tantof 
1681. by M. ſpatio quanto Mons Chriſti removetur a Limbo Lu- 
Hevelius. IJneælnferiori.— ; | con 
7 37 ooStella occulta eſt ad Mare Syrticum ſub Inſula Cercinna,| ® 
3 alto Capite Andromdꝶꝑgzs. :? — J50 32 


Pb. Coll. 7 46 ooAltitudo Capitis Androm ede. — — 449 27 


D 3. 5. 63. 7 49 30] Eadem Altitudlo — —— — — 48 55 


18 46 OO Palilicium rurſus affulſit ad Inſulam Majorem Maris 


| Trankiit itaque via ejus Itineraria, ratione Macularum 
| Lunarium, per Mare Syrticum, Montem Athos ſub 
Inſula Lemnos, & Montem Didymum, ſub Sinu Athe- 
nienſi, per Fretum Ponticum, atque Inſulam Majorem 
Maris Caſpii. oe 1 | 
Altitudo Capitis Andromede. — — 140 22 


11 


3 . 


© 3 
vhs 
1 


N 
N 


citer Gradus removebatur, /. /. /. Occaſum verſus, 


(357 ) 1 


2. Mr. Benj. Harry in Ballaſore Road obſerved, that the Moon paſt to the 47 Ballaſore; 


Northward of the Bull's Eye, and that the Star and the Moon's under-Limb ?) Mr. Ben. 


were in equal Altitude when they were both 13? 45' high to the r 
which gives the Time 14h 49“; and when the South Horn of Taurus was 17. 
239 30“ high, which makes the Time 15h 13', the Weſtern Limb of the 


Moon was in a Line with Capella and the Bull's Eye. 
3. The Correct Time of the Inmerſion was Ch 18“ 22”, and the Emer-4t Avignon; 


10 209. . | by M. Gallet, 
fion at 7b 19' 4 | ib. 


LXVIII. Sep. 27. ſt. u. 168 2. hora 3. m. Lunam tum tres reliquos Pla- 4 Tranſit of 
netas nudo quidem conſpexi Oculo; ſed Luna eo tempore adhuc ad 7 cir- — 1 


7 | | Superior Pla- 
Quantum autem ex Inclinatione Cornuum Lune, quoad Planetarum ductum _ and Re- 


| colligere licuit, protinus A men nullas fore Occultationes, ſed tantum gulus, 1682, 


Tranſitus; fic ut Luna infra illos Superiores Planetas incederet. In qua Opi- ©! Pantzick ; 


nione magis magiſque etiam ſum confirmatus; cum Die ſubſequente, 28 {2 l. Heve- 


. . \ N . o ] 0 . * 
ſcil. Sept. m. nec Regulus fuerit a Luna tectus, quæ Stella ratione utriuſque 5 


Latitudinis potius Occultari debuiſſet. Regulus namque in ipſa Conjunc- p. 325. 
tione, /c:/, 4h 6“ diſtabat a Superiori Þ Cornu Boream verſus adhuc 31' 


5 3 . Be" 0 | 143. p. 18. 
17”, 1d quod optimo Micrometro Tuboque egregio, accurate obſervatum e e ſee. 


_ eſt; adeo ut nulla prorſus fuerit Occultatio Reguli, ſed tantummodo Lune 17. n. 151. 
Tranſitus. Ita pariter accidit die 25 Ofob, Nam Jupiter & Saturnus necp. 326. min- 


non & Die 26 Oclob. ft. n. minime fuerunt a Luna obtecti; ſed Luna 31. ſee. 55. 
ſatis longe infra Planetas inceſſit. 


LXIX. Feb. 11. ſt. n. 1683. h. 9. Cum primum Luna in Oculos in- En Occuttation 


eurreret, Regulus ſatis longè Oceaſum verſus removebatur ; ita ut ipſa Con-Y Regulus by 


junctio (quantum ruditer colligere dabatur) Oriente circiter Luna ſcil, gh ra n. 


vel 6h contigerit : Utrum autem Regulus omnino tectus ſit, an vero tan- 168 ;. at Dant- 


Hevelius. 
n. 15 1. P. 3315 


tummodo T ranſitus fuerit, haud adeo accurate deprehendere licuit. zicky by 1. 


An Occulta- 
rion of two 
fx d Stars by 
the Moon, and 
4 Tranſut.a- 


bove a Third, 
April 2. fl. n. 


1683. at 


Dantzick 3 ) 


A. Hevelius. 


70. 


Th 


(359). 


Temp. Sec. 
Horol. Am- 
bul. 


Dis. & Al. 
ES 


Is 


Initium Occultationis Stellulæ 
Majoris A, 5. Mag. 
Conjunctio Lunæ & Stellulæ 
C, diſtabat à Lune Cornu 
Inferior — — —— 


——_— 


— 


| /ritium Occultationis Stellulæ uy | 
B, 6. Magn, | 

j Finis Occultationis Stellulæ 
A, | 4 | 

111 45 20, Altitudo L) — 

411 46 30] Altitudo eadem —— -— 

11 47 01 Denuo 


410 29 36 


— — 


| 
2 


1 — * 89888 


31 44 00 
31 55 00 
32 06 oo | 


| 


* 


Sectio Luminis & Umbræ hac Die per Montes Serrorum YR, "adi 
per Sinum Peronticum, inter Byzantium & Inf. Cyaneam, per M. Amanum, 
Taurum, Urijque Montes incidit. | 


Prior Stellula A, in Catalogo Tychonico non invenitur ; ſed in meo Novo 


vocatur ſub Cornu TauriSequens 5@ magn. Verſatur hoc tempore in II 19“ 


11“ 35”, & in Lat. 4 43' 44”. Auſt. altera vero B, quantum ex hac 
obſervatione colligere potui, exiſtit in L 199 17' oo” & in Latit. 4% 47 
0. Auſtr. at tertia C, que forte nudis oculis non conſpicitur, degit modo 
in L 199“ o“, & in Latit. 52 2' O“. Auſtr, cæterum Stella A, Lu- 


nam ſubingreſſa eſt ad montem Audum, tranſiit per Inſulam Cercinnam, per 


M. Neptunum, Mare Adriaticum, inter M. Horminium & M. Amanum, per 


M. Herculis; ſic ut inter Paludem Mæotidem & Inſ. Majorem Caſpii rurſus 
emerſerit: unde liquidum eſt hanc Stellulam A, fere Centralem cum Luna 


celebraſſe Conjunctionem. 2 
Altera vero Stella B, 64 Magn. Lunam ingreſſa eſt ad Paludem Maræoti- 


dem, Tranſiit per Sinum Syrticum, ad M. Athos, per M. Latmum, inter Mon- 


tes Sipylum & Macyſitum, infra Centrum Lunæ, per Superiorem M. Maſchum, 
per Fretum Ponticum, atque ſic infra Inſulam Majorem Caſpii. 


LXXI, 


(359) 3 
EXXI. Maii 2. ſt. n. 1683. 11h o“ O“ veſp. Luna ſupra Stellulam in 4» Occultation 
radice Caudæ Cancri tranſibat, quæ modo verfatur in S 27% 53' 37“, & T4 Fixt Star, 
in Lat. 20 18“ 42” Auſtr. fic ut in ipſa Conjunctione non niſi ad 12 1 SIP _ 
Lune Cornu Infer. abeſſet. | N 
12h o“ O“. Etiam alia Fixa, fed minutiſſima, tea eſt, quæ in Catalogo 1683. a:Dant- 
alias non habetur. Quantum conjicere dabatur, hærebat in S 28 30. & Ack; by M. 


in Latit. 19 54 Auſtr. Hevelius. ib. 


LXXII. Ipſum Momentum Immerſionis accuratiſſime notavi, id quod in- 4? Occutaien 
cidit 1 1h 17 20”, veſp. ſecundum Horolog. Ambular. Linea itineraria in- A ay by 
ceſſit per Mare Pamphylium, infra Inſulam Carpathos, Inf. Cyprum, infra May Fi © 
Sinum Extremum Ponti, & Sinum Inferiorem Maris Caſpii. 11h 24 42“ 168;. a: Dante 
ſecundum Horol. Ambul. Altitudo Lucidæ Lyræ Obſervata eſt 44 39' O“ zick; by M. 
ex qua Initium Occultationts corrigi poteſt, Sectio Luminis & Umbræ per Hevelius. ih. 
Lacum Nigrum Majorem, ad Inf. Corſicam, M. Nyconium, per Lacum Stry- 


monicum, ad Inſ. Khodum, per M. Sinai & M. Techiſandam incidit. 


LXXIII. 1. At gh 26“ the under Limb of the Moon was juſt riſen, and Au Occultation 
ſoon after Jupiter appeared near the Eaſtern Limb of the Moon, within a few of Jupiter by 
Minutes of being Eclipſed.. BO the Moon, 
ph 33“ as near as could be gueſſed, was the Time of the Central Immerſion, e Fd 4 
which was very difficult to be obſerved by reaſon. of the Aſperity of the Pr. may ag 
Moons Limb, which undulated and ſparkled very much, as it appeared &. Halley. 
thro? the Vapours near the Horizon: The Ingreſ happened much aboutn 151-2. 85+ 
the length of the Spot, called by Hevelius, Palus Mareotis, to the North | 
of the ſaid Spot, or about the 124th Degree of the outer Limb of his 
Selenography, nearly in the ſame Latitude with the Moon's Center. 

10h 30“. The Weſtern Edge of Jupiter began to emerge out of the dark 
Limb of the Moon. 3 : 5 

10h 31“ 20“. The whole Disk of Jupiter was entire, ſo that he was a- 
bout a Minute and a third in coming out from behind the Moon. 

The Emerſion was exactly in a right Line with the Moon's Center ard 
the Northern part of Palus Mzotis, or about the 3 24% Degree of the In- 


ner Limb of the Selenographick Table of Hevelius. 


— >. FIR 


"0 
— 
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2. Temp. Corr. 


Al Green- per bo. Oſcil. 

wich; by Mr. 

N bo nt EEO E | 

184. Þ. $1 = | — 

. 1 77 9 

| 9 32 30 [Vs Limbus tangebat Limbum Lune en Ma- 
I reotidis Diametrum a termino ejus Boreo. 

9 33 42 [ Totus tectus erat. Quantum per vapores Hori- 

I. zontis, & undulationem Limbi valde turbidam, li- 

cuit conjicere. | | 

[10 11 12 Differentia Declinationum Limbi Lune vere Auſtri. 

ni & loci Ingreſſus, Tubo ped. 8 & Micrometro|] ' ” 
| — 1546 — 12 42 
10 30 30 Jovis particula emer/erat E regione Borealis Limbi 

[ Meotidis. 

10 31 36 | Fupiter Totus liber. | 

(ro 35 50 | Differentia Declinationum Centri Jovis & Limbi|. 


| | Lune Auſtrini — 13436 [28 1514 
10 41 40 | Repet. — — 35852 [29 28 
10 44 00 | Lune Diameter. —  Þ 2906=132 07 
IO * * ee: — — — 39153 32 11 


— 


A Nurem- 3. At 1ch 19 56% M. I. 76. Zimmerman obſerved the felt Coma of 
burg; 6y M. the Limbs of * and the Þ, and at 10h 20' 47” Y was all Eclipſed, 
En. At 11h 22' 51”, N was wholly Clear from the Eclipſe, 
e Immerſion Was about the 117th, the Emerſion at the 321ſt Degree 
of the Limb, in the Chart of Hevelius. 
At 11h 31' 06”, the third Satellite of x Emerged. Theſe times were 
collected from the Culminations of fixt Stars, and the Vibrations of a Pen- 
dulum. 
By M. Wurt- 4. At 10h 20“ 50”, Y applied to the Limb of the ), over-againſt 
zelbauer, ib. if Loca Paludoſa Inſule Cercinng, 
At 10b 22“ 00”, he appeared about half Echpſed. 
At 10h 22, 30”, he was wholly Hid. 
At 11h 19“ 40” J V began to Emerge. 
At 11h 21, 20”, he was quite Free from the Interpoſition of the 5. 
The point of the Emerſion was ſomewhat to the North of the Palus Meo- 
tis. No Spot in the Þ was ſo near the apparent Magnitude of Y's Disk as 
the Inſula Besbicus Hevelii. 
At IIh 40“ OO“, the Altitude of Procyon was 89 37“; whence the Pen- 
dulum Clock, which had been ſet by Altitudes of the © the Afternoon 
preceding, may be examined, 


5. Etiam- 


3 (361) 
5: Etiamſi hucuſque per 36 Annos nullam Obſervationem alicujus Mo. At Dantick 5 
menti neglexerim, non niſi tres Jovis Eclipſes rite deprehendere & annotare 1% "oa 
potuerim : Utpote primam Anno 1646, die 24 Decemb, veſperi, ſed tantum- 
modo ejus Finem; fecundam Anno 1679, die 5 Funii ante meridiem de 
die, quo tempore res omnis felicius ſucceſſit; tertiam hoc Anno currente 
1686, die 10 April. veſperi. 
Inter alia autem notandum occurrit, quod hæcce Occultatio non Luna 
omnino exiſtente Plena, ſed altera die circiter poſt ipſum Plenilunium vel- 
peri acciderit; & quidem eodem Tempore (quod permirum ſanè accidit, 
& eſt caſus, qualis haud facile unquam continget) eademque facie, ut illa 
Occultatio Anni 1646, die 24 Decemb. veſperi viſa eſt, quo Tempore Luna 
Jam ad biduum pariter decreyerat, & ſine dubio eandem Librationem etiam 
exhibuit, quam in hac noſtra ultima Obſervatione. Nam Sectio Luminis at- 
que Umbræ plane fuit eadem, & per eaſdem Maculas tranfiit (quod ſatis 
admirari nequeo) nimirum ad Lacum Hyperboreum Majorem & Minorem, 
tum ad Montes Riphæos, per Paludem Maotidem, per Lacum Majorem 
Maris Caſpii & Sinum ejus Inferiorem, ad Montem Neroſum. | 
E contrario, Jovis Occultatio Anno 1679 à me habita, plane extitit di- 
verſa, ſiquidem illa non circa Plenilunium, ſed Novilunium accidit, tertia 
circiter die ante Conjunctionem ipſam. 


K 


Horol. 4 . . Altit. Qua- Tempus ex 


ous. 1 drant. captiæ Alt. Cor. | 

| ; 
C 1 
5 10 10 Altitudo Solis. 13 477 J 11 43] 
5 12 30 Altitudo Solis. 13 20 0 5 13 55 
5 17 40 Altitudo Solis. 3 12 41 0 5 19 21 
5 23 50 Altitudo Solis. 11 46 9 5 25 43 
„ 7 10 Altitudo Arcturi. FF | ; " Jas 55 Ol 8 12 50 
8 11 15 Altitudo Ardturi. | 5 30 32 0 947 &< 
8 15 10Altitudo Ardturi. 30 89 0 8 20 51 


5 Luna oritur circit. — — — 5 
9 44 350 Jupiter diſtabat ab Inſ. Cercinna 43. circit. mi- 
nut. | TT 


* Mi „ 


10 21 30 Fovis diſtantia erat tanta, quanta diſtantia M. Sinai 
a Palude Maræsotide. A 10 31 30 
10 40 35|Fovisdiſtantia erat fere æqualis diſtantiæ inter M. 17 
Alnam & M. Porphyritem. 3410 81 5 


1 „ 1 A : 


| 
! 


Vol. I. Aaa 1 Jovis 


Diameter Lunæ A. crometro obſervata erat 31“ 0“. 


— 2 — 


I 54 0D; Diſtantia Souls a confinio Lucis & Das 
erat æqualis diſtantiæ M. Ane a M. Por- 


phyrite. 


— m— 


— —— — — 


57 =o Diſtantia Jovis? A confinio Lucis & Umbræ elon- 


gabatur intervallo inter Inſulam Besbic. & M. 
Atnam. 


. nio Lucis. ” 
'6 9 Altitudo Lyra. 40 19 o | 
9 18] Eadem Atido denuo. 40 46 © 
13 20 Altitudo Lung. _ _ 1 16 15 © 


fo Fovis Limbus 3 Þ limbo diſtabat tanto interſtitio, 
uanto Pal. Margotis a Limbo Lung. 8 
V Limbo ſuo tangere incipiebat Lune Limbum, 
atque fic Intitium Occultationis accidit. 1 
Dimidius Jupiter occultabatur. It 754 
| Torus Jupiter omnio a P ſectus. 1 
'Occultatio Comitis Jovis ultimi ad NI Aabaſtrinum | 
accidit. | 
Duo tantummodo Comites à parte Orientali con- | 
| | ſpecti ſunt. | | 
II 15 TT 7 Lyre 329 59 O“ 11 26 O 
1 19 ©, Infula Beibioa & Rhodus reporiebantur | | 4 | 
ſub eodem perpendiculo; id quod | | | 
ad 35 gr. circ. 3 Linea) verticali | | | 
TE removebatur. 4 
IT 21 37] Altitudo Lyræ. 8 33 30 0 |I1 32 15 
11 24 57 Altitudo tyre. . 15 34 24 0 |11 36 24 
1 38 15 Emerſi onis Initium Jovis. II 49 15 
I 39 9 Dimidius Jupiter emergebat. IT 50 of 
I 39 45] Totus Jupiter apparebat. 1 50 45 


Et Comes V remotiſſumus a Fove tan-| 
tum aberat, quantum ipſe Comes A dicto Confi- 


n liquidum eſt ex ipſa Obſervatione, quod Orbita, ſeu Linea Jovis 
itineraria, per Montem Alabaſtrinum, per M. Chriſti, M. Carpathes, infra M. 
Macrocemnias, & per Lacum Hyperboreum Inferiorem inceſſerit. Secundo, quod 
Inſula Beshica-& Inſula Rbodus ſub uno eode mque perpendiculo. tempore Oc- 
cultationis, circiter 11h 30“ extiterit; ſic ut 35 gradus Lune Limbi culmi- 
naverit, Intravit i itaque Jupiter Limbum Lune illuminatum circa 61 gra- 
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au. i Linea fell. perpendiculari Nonageſimi atque puncto Zenith, ortum 
verſus; exivit vero circa 31 gradum a dicta Linea perpendiculari Nonage- 
ſimi occaſum verſus, ad Limbum Luna obſcuratum. Proinde linea Jovis 


itineraria fuit ſubtenſa 104 ferc graduum, attenta videlicet parte Zune 
Boreal. 


Præterea etiam maximè notatu dignum, quod ex 12 obſervatione Diame- 


trum Jovis exquiſite elicere potuerim 3 nimirum 51“ 42“ ; & tantæ mag- 


nitudinis extitit etiam Diameter Jovis 50” circ. 3 lam per Maculas 


Lunæ dimenſus ſum. Quod autem Anno 1679. die 5 Jun. cum ſimilem 
Jovis Eclipſim obſervarem, longe ea extitit minor, nimirum tantum 30“ 53”, 


id ex eo eveniſſe puto, quod obſervatio illa, tempore diurno, Flendente 
Sole fuerit obſervata; quo Radii Stellarum & Planetarum adventitii magis 
a Luce Solis abſterguntur, quam tempore nocturno, nocte obſcura. Quod 
ſi autem quæras, quamnam Diametrum apparentem veriorem exiſtimem? 
Scias illam, quam Anno 1679. 5 Jun. de die, Sole ſplendente o obſervavi: 
Non equidem ex eo quod non æquè diligenter hanc quam illam determina- 
verim; ſed quod tempore nocturno Radii adventitii magis obſtent, ſicuti 

diximus, quam tempore diurno. 


6. At gh 31' 6”, Jupiter was in a Perpendicular falling on the Limb oft Part 


the Moon over-againſt the Northern-part of the Spot Grimaldi, (Maræolis Ja. 3 p. 175. 


near to Riccioli (Stag, Miris) and diſtant from the Limb about 4 times as 

3 as the ſaid Spot. | 

gh 40“ 21”, Jupiter touched the Circumference of the Moon, which un- 
dulated by reaſon of the Vapours near the Horizon. 

oh 4r' 200, He quite diſappeared in the Inequalities of the Moon's Limb, 
the Total Immerſ on might be ſome Seconds later. So the Central Immerſion 
was at gh 40“ 51”. Jupiter entered over-againſt that Part of Grimaldi next 
Riccioli. 

10h 30“ 2”, The outermoſt Satellite which preceded Jupiter appeared 
over againſt the Middle of the Caſpian Spot (Pal. Mæotis) thro' which the 
Section of Light and Darkneſs paſſed, and made nearly an 1 Equilateral Tri- 
angle, with the Extremities of that Spot. 

10h 40 24”, The firſt Limb of Jupiter began to come out of the dark 
fide of the Moon, over- againſt the Non part of the Caſpian Spot, about 
Cleomeaes, (ad Montes Ripheos.) 

10h 40“ 56“, The Center of Jupiter did emerge. It was difficult to di- 
ſtinguiſn the Moment when Jupiter's Dk was fully clear, but at 10h 41 
36“, the Eclipſe was certainly | 

Ar the Emerſi on of the Center, the Altitude of Jupiter was 119 . 

At 1ob 42' 49“, The Second Satellite, being the neareſt of the three that 


followed the PG, emerged, 


At 10b 45 1'', The Iunermoſt Satellite, being near its greateſt Elongation, 


emerged. 


At 10h 50' 40”, The 2 bird, or Penextimus Satelles, being likewiſe near 


its greateſt Elongation, began to appear over-againſt the Northern. Edge of 


che Caſpian Wm 


A644 At 


At Avignon; by 
R. P. Bonfa. 
ib. p. 176. 


Ayu Occulta tion 


of Jupiter by the 
Moon, Apr, 28, 
; 1686. N. 181. 


b · 87. 


At Avignon; by 
R. P. Bonfa. 
n. 183, p- 177. 


and Beroſus, according to Riccioli, or ad Montes Alanos Hevelii, al 


At . by 
M. Hevelius. ib. 
p- 184. 
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At 11h 45', The Diameter of the Moon was 32' 27” ; and according 
to the Calculus of M. Caſſini, her Parallax was 61 Min. 

7. The Central Immerſion was at gh 42' 13“; and the Central Emerſion 
at 10h 45” 26“, over-againſt the Southern-part of the Caſpian Spot. 


LXXIV. 1. The Immerſion was ſeen at Totteridge (which Place is about 9 
Miles from London, and nearly 25" of Time to the Weſtward thereof) by 
Mr. Ed. Haines, who between a Gap of the Clouds obſerved the Contact of 
the Moors Limb and Fupiter's, at gb g's. 

The Clouds cloſing again permitted him to obſerve no more: however 
Rm this we may conclude the Central Immerſion at London, to have been 

4'S, mane. : . 8 | 

: The Emerſion was obſerved at London, by Mr. Edm. Halley, to fall out at 
zu 49“: for at 3h gol, Jupiter was all out, and the Limbs fo little ſeparated, 
that he judged, that a Minute before, the Center of Fupiter had been upon 

the Moon's Edge: The Point of the Emerſion was over-againſt the Southern- 
part of the Spot, call'd by Hevelius Inſula Macra, or at the 342d Diviſion 

of the inner Limb of his Map of the Moon. 3 
2. The Immerſion of the Center happened at 3h 37“ 23“, on the Eaſt: ſide 
the Spot Aznophanes. The Emerſion was at 4h 28“ 24, between Seneca 
Ittle to 


, 


of 
the Northward of the Palus Mzotis. 


rs 
Secund. Ho- | 
rol. Amb. Temp. Cor. 
h. 4 5 | Q / 70 h. I 77 
3 23 20 [Altitudo Arfuri, 131 160] 3 20 12 
3 24 25 Eadem Altitudo. | 31 04 003 21 35 
3 44 30 [Jupiter a Limbo Lune diſtabat majori adhuc In- 
* tervallo quam M. Sinai à M. ina. p 3 41 30 
3 47 oo Jovis diſtantia erat tanta, quanta M. Porpbyritidis 
| a Byzantio. . 3 44 Oo 
3 52 oO |Fovisa Limbo Lune Diſtantia erat æqualis Diſtan-| 
I tiz Inſulz Sardiniæ & Paludis Mareotidis. 3 49 oc 
| 3 59 oo [Jupiter a Limbo Lunæ paulo plus diſtabat quam 
2 Pal. Maræotis ab Aina. 3 56 Oc 
4 16 40 Diſtantia Jovis a Limbo Lune æquabatur ferè Diſ-- 
| tantiz M. Porpbyritidis ab Inf. Cercinna. 4 13 4c 
Wa Planetarum Occaſus factus eſt. 417 Oc 
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| oy 
| H, ora H OY 0- | An Occultation 


Temp, Corr of Saturn by the 
log. ma, | | | Moon, Mar. 19. 


1686-7 at Tot- 
| teridge 3 by Mr, 


1 | ak Sa LC nas TEC. RIMS 


_—_—— | | 0 K n. 186. p. 268. 
12 06 10 Altitud. Pollucis. 28 35112 12 14 | 
112 10 4}]— - 26 5912 22 47 

1 18 00|Lune Limbus tangebat Anſam Occid.| | _ 
| ym —— | 12400 

1 18 30| [mmerſio Centri Saturn paulo infra Pal. 

J 1 24 30 

| 1 19 oo Jam Saturnus omnino latuit. I 25 O 


4 01 25|Altitudo Centri Solis —— —— — 20 oof 7 o 17 
4 09 0b |— Sn _ 18 55 4 14 43 


ab lo | 


* 


—_ 


2. March 18. At Night I obſerved here the Occultation of Saturn by the Is tretand; by 
Moon, which happened at 12Þ 13. 55” : it paſſed directly under the Midſt Ds Biſhop- 
of the Moon's Diſcus. . = GK an. 

LXXVI. 1. OCG. 13. 1665. at ſix of the Clock, with a very good Tele- Phaſes of Saturn, 
ſcope near 38 Foot long, and a double Eye-glaſs, Saturn appeared to me 1nd g, 
ſomewhat otherwiſe than I expected, thinking it would have been decrea- Exeter; by Mr. 
ſing, but I found it as full as ever, and a little hollow above and below. 8 

2. June 29, 1666. between 11 and 12 at Night, I obſerved the Body of N Fig. 132. 
Saturn thro* a 60 Foot Teleſcope, and found it exactly of the Shape re- 5 by Dr 
preſented in the Figure. The Ring appeared of a ſomewhat brighter Light 3 
than the Body; and the black Lines aa, croſſing the Ring, and bb, eroſ- 4 a 1 

ſing the Body (whether Shadows or not I diſpute not) were plainly viſible; 
whence I could manifeſtly ſee, that the Southermoſt-part of the Ring, was 
on this ſide of the Body, and the Northern-part, behind or covered by the 
Body. | | | | | 

. 17. 1668. at 1 14h theſe Pariſian Obſervers, imploying a Teleſcope An. 1668, at 
of 21 Foot, ſaw the Globe of Saturn inthe Middle manifeſtly appearing above ink tor 
and below, beyond the Oval of his Anſes; which was hardly diſcernible Piccart. v. 45, 
the laſt Year, They meaſured divers ways the Inclination of the greater Di-!“ 
ameter of the Oval to the Ægualor, and found it of about 9 Degrees. By 
this Obſervation and other like ones of this and the preceding Year, M. 

Hugens finds, that, inſtead of 230 30', the Angle of the Planes of the Ring 
and of the Ecliptick muſt be of 319, or thereabouts. 

4. Aug. 26. ft. n. 1670. Teleſcopium illud 50 Pedes longum, quod non ita An. 1670. at N 
pridem mihi tranſmiſiſtis, Faciem Saturni, utut Luna fuerit præſens, nitidiſſi- I. Hrelid- 1 
me ac clariſſimè detegebar. Quali autem mihi apparuit, adjecta Delincatio”- 55. P. 20%. | 

- commonſtrabit ; alia plane Facie, quam Cl. Hugenio, tum vobis An. 1666. Pg. 134: 


tum 


\ 


| 


| 
| 
| 
| 
| 
| 
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» 


tom Pariſienſibus 1 668, videbatur. Siquidem Annulus, qui Saturmm cir- 


cundat, multo nunc arctior, compreſſiorque animadverſus quam illo tem- 
pore, quaſi obliquiori, reſpectu Terræ, nunc via incedit. 


At Paris 1 M. 5. This Summer Mr. Hugens obſerved Saturn with his Teleſcope of 22 


Hugens. 


N Feet, and ſaw his Figure to be very conformable to what it ſhould be ac- 


cording to his Hypotheſis; viz. the Anſe or Arms to be very narrow, in- 
ſomuch that their Opening appeared not but very obſcurely. 


| "At London by 6. Sept. 16. Dr. Hook obſerved the Phaſe of Saturn as here repreſented, 


Dr. Hook. ib. Fig. 135. 


An. 1671, at 7. Saturn, according to the Hypotbeſis of Mr. Hugens, was to have retaken 


Pars by M. his Round Figure in the Months of July and Auguſt 1671, But this Ap- 
p. 30 4. Pearance hath been perceived ever ſince the End of May, at a Time when 
be was diſtant enough from the Sun and the Horizon, to be well obſerved. 
He hath remained in this Figure unto the 11% of Auguſt, and Mr, Caſſini 
did then obſerve him thus; but three Days after he ſaw him with Arms, 

tho very Narrow ones. „ 


By M. Hugens. 8. Our Philoſophers here know very well, that as ſoon as Mr. Caſſini 
5 S0, had told me that the Arms of Saturn were returned in Auguſt, I ſaid that 


aſſuredly they would diſappear before the End of this Year. I ſtill obſerved 


them, Nov. 6. ,t. u. in the Evening, but they were ſo faint and obſcure, 


that it was hard to diſcern them; ſo that within a few Days they will ap- 


pear no more at all. This confirms altogether my Hypotheſis of the Ring, 


which now diſappears in proportion as the Rays of the Sun do obliquely 
illuminate the flat Surface of it, obverted to our Sight. | 


At Danntick ; by , 9. Quali Facie nuper, Die /c. Sept. 11. ft. n. apparuerit, quam rectiſſimè 


M. Hevelius. ib 


P. 3032. Fig. 136. & diligentiſſimè delineavi atque hic tranſmiſi. An vero Menſe Fun. Jul. & 
| ug. eum plane Rotundum conſpexeritis, ut volunt Pariſienſes, vix mihi ima- 
ginari poſſum. Etenim utut Brachia Saturn ad latera apparuerint arctiſſima, 


etiam 'Tubo 60 vel 70 Pedum ; haud tamen credo, ea omnino evanuiſle, 


ita ut ne Veſtigium aliquod fuerit reliquum. Fortaſſe Pariſienſes Teleſcopiis 


brevioribus in ipſo Crepuſculo, Luna preſente, Saturnum contemplati ſunt. 


At Derby by Mr. 10. Ogi. 12. with my leſs Tube I thought I ſaw ſomething on each ſide 


Flamſteed. ib. 


e P of Saturn, amidſt the Colours of my Glaſs, and the ſpurious Rays of his 
Body. Directing my longer Tube (of 14 Feet) to him, I could ſee his 

Anſe ſomewhat more diſtinctly, but very ſlender, and to one, that thought 

not of them, ſcarce diſcernible, | 


Nv. 30. I obſerved him with my 14 Foot Teleſcope, the Aperture 


being 1+ Inch, and its Eye-Glaſs drawing two Inches. He appeared per- 

fectly Round, free from Rays and Colours, and no Anuſæ to be ſeen. Mr. 

1 Townley in his laſt (Nov. 20.) tells me, that he looked at him one Night, 

AtParis;ly M- and could hardly diſtinguiſh his Line of the Auſalæ, but plainly ſaw a 
3 r. dark Line thro' him near his upper Part. | 


At London; | g 11 e * = 
. Dec. 16, we found that Saturn had retaken his R. Tgure 


1. 116-pz72, 12. Jun, 27. m. 1675, Salurnum patulis auctum Ants vidimus. 
3 13. In Auguſt, the Figure of Saturn appear d, as Fig. 1 37. 
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_ ( 367) 1 
14. Ex Schemate Saturn: a Cl. Heævelio ante Annum obſervato video, eum Au. 2676. ar 
Teleſcopiis, noſtris longe inferioribus, uti. Tunc enim Temporis (ut & Cafiai. 1 
nunc Aug. 1676.) cernebatur nobis in Saturni Globo Zona ſubobſcura, pau- P- Ce. 
to Auſtralior Centro, inſtar Zonarum Jovialium. Deinde Latitudo Aunuli FE + 
dividebatur bifariam, Linea obſcura apparenter elliptica, revera circulari 
quaſi in duos Annulos concentricos, quorum interior exteriori lucidior 
erat. Hanc Phaſim ſtatim poſt Emerſionem Saturni è Solaribus Radiis 
er totum Annum uſque ad ejus Immerſionem conſpexi ; primo quidem 


Teleſcopio Pedum 35; deinde minori, Pedum 20. 


LXXVII. 1. Vidi Saturnum Aug. 26. ft. n. 1670. alta Aquila 240 32“ Placesof Saturn 


obſerved An. 


o, in Diftantia ab extrema Ala Pegaſi 339 48' O0“, & ab Ore ejus 249 i690) af Dance 


51“ 40”, in 4 11', Piſcium, in 1 53“ Latit, Auſtr. in ipſa nempe Oppo- zick ; ly A. 

fitione Solis exiſtentem. 3 p. 1085. 
2. Dec. 29. jt. n. 1677, 8h 58“, Vidimus in eodem Azimutho inque No- da, 16%. af 
y M. 


Paris; 


nageſimo Eclipticæ Gradu ab Horizonte Saturnum & Boreum Oculum N, qui att: 1 Me 


infra Saturnum erat, unde Planetam & Fixam eandem in Zodiaco Longitu- 138. P. 973. 
dinem obtinere deprehendimus, viz. juxta Tychonem I 30 58' 53“. 


LXXVIII. 1. About the End of October 1671. we diſcovered, by a Te- The ontermeſt Sa- 


b. 'T c 3 . OW. . tellite of Satur 
leſcope of 17 Feet, 11 ſmall Stars near Saturn, one of which by its particular See by M. 


Motion ſhew'd itſelf to be a true Planet; which we found, by comparing it cafini. 
not only to Saturn and his ordinary Satellite, diſcovered 1655 by M. Hu-“ 2 P. 5178. 


gens, but alſo to the Fix d Stars. The Motion of it was very manifeſt in 


reſpect of the Fix'd Stars, bur leſs fenfible in reſpect of Saturn; yet it ap- 


pear'd, that from Ocfober 25, unto November 1, his Diſtance from Saturn 


increaſed Weſtward, and from that time unto Novem. 6. it diminifhed : So 
that his greateſt Digreſſion from Saturn happened in the Beginning of 
November. | To 

Dec. 16. We found that on the Eaft of Saturn, there was a ſmall Star, 
far diſtant, in a ſtreight Line to Saturn, and to his ordinary Satellite, which 
was Oriental alſo, but little diſtant from Saturn. And Dec. 24th. we ſaw 


this Satellite in the Weſt, and a Star, Oriental likewiſe, lefs diſtant from 


Saturn than that we had ſeen the 167). 2 
Dec. 13. and 17. 1672. We perceived, with an Excellent Teleſcope, (of 

35 Foot, made by Campani) an Occidental Star, remote from Saturn, which 

in both thoſe Obſervations had a Southern Latitude in reſpect of the Line 


of his Ving; but in the firſt it was further diſtant from Saturn than in the 


ſecond : ſo that, if this was the ſame Star, as I ſuppos'd it to be, it mov*d 
towards Saturn on the Eaſt, and conſequently (ſuppoſing it to be his Sa- 


tellite) it was in the ſuperior part of his Circle. 


Feb. 6. 1673. We began to ſee him again, and we obſerved him almoſt 
all the Days following till the 20%. This new Planet did more and more 
remove from Saturn till the 19th of Feb. when we meaſured the Difference 
between his Paſſage and that of the Center of Saturn to be 30“ of an Hour, 
which gave at leaſt 10 Diameters of Saturn, and on the 20h the Diſtance 
was judged by Eſtimate to be yet greater, | 


This 


Hevelius. u. 63. 


o 
a 


at firſt to judge the Time of this Revolution to be 
the Satellites that Proportion, which Kepler hath noted in the Principal Pla- 
nets, between the Periodical Times and their Diſtances, 
wards confirmed in this Opinion; for by the apparent Swiftneſs of his 
Motion, it was eaſy to ſee that this Planet had been in Conjunction with 


. : > mg "+ "FD 
1 
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| 4 > „ "This Digreſſion, being treble to that of the Ordinary Satellite, enabled us 


Quiatuple, applying to 


We were after- 


Saturn Feb. 3. 1673. and by his Motion on the Weſt, it appears, that he 
was in the inferior part of his Circle: And becauſe during this time of 17 
Days he remov'd more and more from Saturn, tis certain that he remained 
in the ſame Quadrant of the inferior Occidental Circle above 17 Days, and 
that his whole Revolution is more than 68 Days. He was theſe laſt Days 
at a Diſtance almoſt equal to that which he had about the end of Ooh. 
1671 ; ſo that in 480 Days or thereabout he made a certain Number of In- 
tire Revolutions, which can be no more than 7 ; ſince each of them is with- 
out Queſtion of more than 68 Days. If you ſhould count 7 of them, each 
would be 68 z Days; if you count 6, each would be 80 Days; and if you 
count but 5, each would be 96 Days. But this laſt Suppoſition can by no 
means be made to agree with the two Obſervations of Dec. 1672 ; and the 
firſt doth not agree ſo well with them as the ſecond. 


Mr. Caſini has ſince found, that this outermoſt Satellite is diſtant from the 
Center of Saturn 105 Diameters of his Ring; that the Period of his Revolu- 


tion in 80 Days is ſo juſt, that he doth not anticipate 9 Revolutions, which 
are made in two Years, but by one whole Day ; and that in the Conjunc- 
tions with Saturn, his Latitude encreaſes according as the Ring of Saturn en- 
largeth itſelf ; tho the Line of his Motion is not parallel to the Circums»- 
ference of the Ring. Es 1 

Mr. Caſſini hath alſo diſcovered, after many Revolutions, that this Satellite 
hath a Period of Apparent Augmentation and Diminution, by which Period he 
becomes vilible in his greateſt Occidental Digreſſion, and inviſible in his 
greateſt Oriental Digreſſion ; he begins to appear two or three Days before 
his Conjunction in the inferior part, and to di/appear two or three Days after 
his Conjunction in the ſuperior part: So that he remains inviſible in every 
Revolution of 80 Days for a whole Month together.. 3 

This Viciſſitude of Pha/es makes it ſeem probable, that one part of his 
Surface is not ſo capable of Reflecting to us the Light of the Sun, which 
maketh it viſible, as the other part is. Whence we may conjecture, that 


the Globe of the Satellite hath ſome Diverſity of Parts analogous to that of 
the Earth, the one part of whoſe Surface is cover'd by the Sea; which is 


not ſo fit to reflect from all parts the Light of the Sun, as the Continent 
which maketh up the other part : So that this Planet by a Converſion about 
his Axis, or by an Expoſition of the ſame Hemiſphere to Saturn (much 
after the manner of the Hemiſphere of the Moon to the Earth) ſometimes 


turns to us the part analogous to the Continent, ſometimes that part 
which anſwers to the Sea. 
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LXXIX. Dee, 23. 167 2. We found a ſmall Star Weſtward of Sal irn, be- The Third stel- 
tween him and his Ordinary Satellite, which was on the Weſt alſo, almoſt at e , 5 


a double Diſtance. Dec. 30. we ſaw a little Star, on the Eaſt of him and M. caffivi, », 


Jan. 10. 1673. This little Star appeared to have returned almoſt to the 


| fame Poſition in reſpect of Saturn and his Ordinary Satellite, where it had 


been Dec. 23. Fan. 15. the Ordinary Satellite was Oriental, and the New 
one Occidental, as it had been in the precedent, but a little nearer to Satrry. 
We had that Evening time enough attentively to obſerve this Planet for 
a whole Hour together, during which we perceived, it approached to Saturn 
on the Weſt, and conſequently was in the ſuperior part of his Circle : 


Which did fully confirm us in the Suppoſition we were inclined to, that it 


was an Interior Satellite. | 
Comparing the Obſervations together, we began to find the Rule of the 
Motion of the new Interior Satellite. For the two laſt ſhewed us, that in 


5 Days he had made more than a whole Revolution. The firſt Obſerva- 
tion compared with the 3d made us judge, that in 18 Days he had made a 
Number of Revolutions, almoſt whole ones, which certainly were 4; each 
of them was of 45 Days: So that between the 10% and 15th it might be, 


that there had been one Revolution of 44 Days, or two Revolutions of 2+ 


Days each. But the Combination of the firſt with the 2d, made us ſeclude 
the Period of 24 Days. We therefore judged by theſe Obſervations, that 


this laſt Planet finiſhes his Revolution about Saturn in 4% Days; that the 
Semidiameter of his Circle is 14 of the Diameter of Saturn's Ring; and 
that he was towards his greateſt Occidental Digreſſion the 23d of December, 
and Fan. 1. about 7 a Clock in the Evening. We have ſince found, that 


and the Period of his Revolution is 4 Days 12Þ and 27'. His Latitude aug- 
ments alſo according as the Rixg enlargeth, and at the preſent that the large- 
neſs of the Ring 1s greater than the Diameter of the Globe of Saturn, he is 
to paſs in the Conjunctions without touching either Saturn or his Ring. Yet 
notwithſtanding we have not yet been able to diſtinguiſh him in the Con- 
junctions either in the upper or lower part of his Circle; but only in his 
greateſt, as well Oriental as Occidental, Digreſſions. 


his Ordinary Satellite, which had paſſed alſo to the Eaſt of him. ä 


his greateſt Digreſſion from the Center of Saturn is only 14 of his Ring, u. 133. P. bon 


LXXX. Theſe two Satellites were firſt of all ſeen in Mar. An. 1684. by Two Interior Sa. 


Itellites of Saturn 


two excellent Object Glaſſes of 100 and 136 Feet; and afterwards by,, by 


two others of 93 and 70 Feet; all made by S.Campani, after the Diſcovery 


M. Caſſini. 


of the 3d and 5th Satellites, which had been made by others of his Glaſſes” 193... 70+ 


of 47 and 34 Feet. We have ſince ſeen all theſe Satellites with that of 34 
Feet, and continued to obſerve them with Glaſſes of M. Borelli of 40 and 


70 Feet, and by thoſe which M. Artouguel hath lately made, of 80, 155, 


and 220 Feet. It was eaſy for us to ſee theſe two Satellites by theſe dif- 
ferent ſorts of Glaſſes, after having found the Rules of their Motion, where- 
by we might with more particular Attention look upon the Places where 
they ought to be. 


Vo I. I. 1 85 B b b . The 


3 ( 350 ) 
The Firſt Satellite was obſerved 459 diſtant from its Perigee, moving 
toward the Weſt, Mar. 11. 1686. ff. u. at 10h 40“ at Night, and re- 
turned to the ſame Poſition on the 14th of April at the ſame Hour. a 
The Second was 36“ diſtant from the Perigee to the Weſt, the 3oth of 
Mar. 1686. ft. u. at 8 a Clock in the Evening. . | 
The Firſt or Innermoſt Satellite, is never diſtant from Saturn's Ring above 
2. of the apparent length of the ſame King ; it makes one Revolution in 14 


21h 19“; and the Circle of its Orb is nearly in the ſame Plane with the 


Ring. 2 585 
The Second or Penintime Satellite is à of the Length of the Ring diſtant 
therefrom, and makes his Revolution in 2d 17h 43“. 


After a great Number of choice Obſervations, it was concluded, that the 


Proportion of the Digreſſions of the Second to that of the Firſt, (counting 
both from the Centre of Saturn) 1s as 22 to 17; and of its Revolution as 
24: to 17, This is that very ſame Proportion which Kepler obſerves be- 

tween the Diſtances and Period of the Primary Planets, and which we have 
found between the other Satellites of Saturn, and is verified in the Satellites 
of Jupiter. There is nothing that better ſhews the admirable Harmony of 
the particular Syſtems with the great Syſtem of the World. 


The antient Aſtronomers having tranſlated the Names of their Heroes 


among the Stars, whoſe Names have continued down to us unchanged, not- 
withſtanding the Endeavour of the following Ages to alter them; and Gali- 


leo after their Example, having honoured the Houſe of the Medici with the 


Diſcovery of the Satellites of Jupiter, made by him under the Protection of 


Coſmus II. (which Stars will be always known by the Name of the Sidera 


Medicea.) Wherefore the Diſcoverer concludes that the Satellites of Saturn, 
being much more exalted and more difficult to diſcover, are not unworthy 
to bear the Name of Louis Le Grand, under whoſe Reign, and in whoſe 
_ Obſervatory the ſame have been detected; which therefore he calls Sidera Lo- 


doicea, not doubting but to have perpetuated the Name of that King, by a 


Monument much more laſting than thoſe of Braſs and Marble, which ſhall 
be erected to his Memory. 1 | 9 


M. Hugens's) LXXXI. The Fourth or Penexlime Satellite of Saturn, firſt diſcover'd by 
 Theoryof ihe.  M. Hugens 1685, I have of late frequently obſerv*d with a 24 Foot Tele- 
Saturn corre#= [cope : And I perceiv'd that M. Hugenss Numbers were conſiderably run out, 
1 and about 15* in 20 Years too ſwift; this made me reſolve more nicely to 
p. 82. Mar. An. enquire into it's Period, and accordingly I waited till I had gotten a compe- 
— tent Number of Obſervations, the moſt conſiderable whereof are theſe. 
1682, Nov. 13. 13h oo' p. in. the Satellite appear'd on the North fide of 
Saturn, and a Perpendicular let fall from it on the tranſverſe Diameter of 
the Ring, fell upon the middle of the dark Space of the following An/e ; 
and the fame Night 19h oo, it had paſt the Conjunction, and the Perpen- 
dicular fell exactly on the Weſtern Edge of the Globe of Saturn: the Nor- 
thern Latitude and Retrograde Motion made it evident, that the Satellite 
was then in Perigæo. popes 5 
Again, 
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(371). 
Again, Nov, 21. 16h 137, this Satellite of Saturn was on his South-ſide z 
the Perpendicular on the Line of the Auſæ fell on the Middle of the dark 
Space of the Weſtern Anſæ, and the ſame Night 19h oo', the Perpen- 
dicular fell preciſely on the Center of Saturn, and the Diſtance theretrom 
was ſomewhat leſs than one Diameter of the Ring, By this it was evident 
that the Satellite was in Apogao. | EX 
I obſerved it in Apogeo again on the 24h of Jan. 1683. at dh oo“ p. m. 


the Perpendicular on the Line of the Anſæ fell exactly on the Weſtern 


Limb of the Globe of Saturn, and at gh 3o', p. n. the ſaid Perpendicular 
fell within the Globe more than half way to the Center, and the Diſtance 
from the Line of the Anſæ towards the South, ſeemed much about one 


Diameter of the Ring. 


Laſtly, Feb. 9. 1683. 8h 10“, p. n. it was again in Apogæo, and I could 
by no means diſcern towards which ſide it inclined moſt, nor whether the 
Tranſverſe Diameter of the Ring, or the Diſtance of the Satellite there- 


from, were the greater; ſo that at that time it was preciſely Apogeon. 


To compare with theſe, I choſe two out of thoſe of Hugens, which ſeemed 
the moſt to be confided in; the firſt made 1659. March 14. ft. u. 12h oof 
at the Hague; when the Satellite appeared about one Diameter of the Ring 


under Saturn; but it was gone ſo far to the Weſtward, that he concluded, 


that about 4 Hours before, or 7h 40“ at London, it had been in Perigeo. 
Again, March 22. 1659. 10h 45”, the Satellite was a whole Diameter 
above the Line of the Anſæ, and the Perpendicular thereon fell nearly up- 
on the Extremity of the Eaſtern An/e. Es N 9 
By the Firſt of my Obſervations it appears that the Satellite was in Peri— 


g 1682, Nov. 13. 17h oo', circiter, at which time Saturn was 30 29 39 


from the firſt Star of Aries in the Ecliptick, but the Earth reduced to Sa— 
turn's Equinoctial, and the Satellite was 9* 230 46', 3 1* K T. And March 
4. 1659, 7h 40', Saturn's Place in the Ecliptick was Ce O 41' ; but the Earth 
reduced, and conſequently the Satellite, in 11* 28 18', & Prima Stella 


Arietis. The Interval of Time is 8655 Days, 9 20' ; in which the Satel- 


lite had made a certain Number of Revolutions to the Fix'd Stars, and 
beſides 9, 2528“, or 295 Degrees 28', whoſe Complement to a Circle 64 
32“ is 2 Days 20h 36“ Motion of the Satellite, according to Hugens. So 
that 8655 Days h 56“, or 12467846 Minutes of Time, is the time of ſome 
Number of intire Revolutions; and dividing that Interval by 15 Days 22h 


30, or 22959“ (the Period of Huygens) the Quotient 543 ſhews the Number 
of Revolutions; and again dividing 12467876 by 543, the Quotient 22961 


nin. or 15 Days, 22h 41' 6“, appears to be the true Time of this Satel- 


lite's Period. Hence the Diurnal Motion will be 22* 34' 38” 18“, and the 
Annual, beſides 22 Revolutions, 1c* 20 43'. Having made Tables to this 


Period, I found that in the Apogæon Obſervation of Hugens, the Satellite was 
above 3 Degrees faſter than by my Calculus, and that in the three other Ob- 


ſervations of my own, being likewiſe in the ſuperior part, it was 2 Deg. 


{lower than by the ſame Calculation. Now *tis evident, that the Differences 


- muſt ariſe from ſome Ecceniricity in the Orbit of this Satellite, and that in Mar. 


"SD 03-- | 1659. 
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1659. the Apocronion (as I may call it) was ſomewhere in the Oriental Semi- 
circle, and that in Nov, 168 2. it was in the Weſtern Semicircle; and ſuppo- 
ſing the Apocromon fix d, it muſt neceſſarily be between 9* 230 46', and 11* 
289 18', a1* * J, that being the common Part between thoſe two Semi- 
circles; and becauſe the Difference was greater in Hugenss Obſervation 
than in mine, *twill follow that the Linea Alſidum, or Apocronion, ſhould. 
be nearer to 9* 23 46', than to 11 289 18', I will ſuppoſe 105 229 O0 
a Prima Stella Arietis, (which happens to be alſo the Place of Saturn's Equi- 
70x) and the greateſt Equation about 2 + Degrees. Upon the Score of this 


Inequality the mean Motion of the Satellite will be found about 29 45” 


lower in 23 4 Years, or 7 Minutes in a Year, whence I ſtate the Annual 
Motion 10* 209 36', above 22 Revolutions, and the correct Epocha for: 

the laſt Day of December 1682, at Noon in the Meridian of London g*-10% 
15 à 1 * ; from which Elements I compoſe the following Table. 
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Anno Epoche. | Y] Mot. Med.] S | Mot. Med, | $ Mio. Ad. = | Not. Mad. 
 Chriſti| 8. _- Cf Ei { 
Finch „ * "I |S] s, © --- 7 T / i . 1 
1641 | 8 29 17] 1Þto 20 36] 1 © 22 35] 1] o 563129 10 
1661 |10 14 1c] 2| 9 11 12] 2] 1 15 9g] 2] I 533230 6 
1681 [11 29 3] 318 17948] 3] 2 7 44] 3| 2 49133 3 
1682 [10 19 39 4] 7 14 59| 4] 3 © 18] 4] 3 4634]31 59 
3 pee 2664 We pans Mary — 5 4 4213532 55 
17683 | 9 10 15] 5] 6 5 35 5| 3 22 53}=|———[—|———— 
1684 | 8 oo 51 6] 4 26 11] 6] 4 15 28] 6] 5 393633 52 
1685 | 7 14 2] 7] 3 16 47] 7] 8 27 © 35137134 48 
— 8 2 26 57] 8] 6 0 37] 8] 7 32138135 45 
| Menſ. Mot. Med. |—| ———-|—]- g9| 8 283936 41 
"wo 9 1 20 239 6 23 12]10| 9 244037 38 
Com. [s. 10 0 11 9110] 7 15 46]— hs 
1 | —— 1111 1 45111 8 8 21111110 21|[41|38 34 
0 O 41210 14 561249 © 531211 1742J39 31 
Feb. 11 9 53] —}— — — 13112 144340 27 
Mar. 8 12 2139 5 3213 9 23 301413 1044/41 24 
April, | 7 21 36014] 7 26 814010 16 g|[15|14 7[45]42 20 
| —[15] 6 16 44|15]11 8 39|— —|—ſ——— 
| Maii 6 9 14|16] 5 29 5416] © 1 1416615 34643 17 
Tun. | 5 19 [= —————- 17116 0147]4+4+. 13 
Jul. 4 6 26117] 4 20 3017] o 23 4881816 564845 10 
Aug. 3 16 190188 3 11 6118] 1 16 231917 524946 6 
— 191 2 1 42119] 2 8 5812018 495047 3 
Sept. 26 124.201 1 14 531204] 3 1 324—-.——— 
r e 4551147 59 
| Now 23 24 21] 3 24 7|22|20 4213248 56 
Dec. 11 10 43 22 4 16 4212321 383349 52 
| * 23] 5 9162422 355450 49 
| 2446 1 5102523 31]55|51 45 
| OY. 25 6 24 25/2624 27 5652 42 
26] 7 17 00/2725 245753. 38 
278 9 35128 26 28 5854 35 
289 2 9129127. 17159155 31 
3 = 3028 13160156 27 
In Anno Biſſextili poſt. Februarium 29 9 24 44. — — — 
adde unum diem, motumque ei 3010 17 18 35 
I competente Mm. | 
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Tabula Motus Medi Satellitis Saturni, ab Hugenio inventi, a Prima & T. 


63740 


I bere ſuppoſe the Linea Abſidum fix d, as having no Ar egen. from 

Obpfervation to prove the contrary, tho it. be very probab that as the 

Apogæon of our 37c0n has a Motion about the Earth in about 9 Years, fo 

that of this Salellile ought to have about Salurn, but with a much longer 
Period, which future Obſervation may diſcover. 

The diſtance of this Satellite from the Center of Saturn ſeems to be much 

about 4 Diameters of the Ring, or 9 of the Globe, and the Plane wherein 


it moves, very little or nothing diftering from that of the Ring, chat is to 


ſay, interſecting the Orb of Saturn 4* 22, and 10 22d 14 & Y, with an 
Angle of 235 Degrees, ſo as to be nearly Parallel to the Earths Equator ; 

| whence the Latitude of the Apogæon Semicircle from 4s 22 to 10 22® of 
Saturn's Longitude from the firſt Star of Y, will be Northern, and of the o- 
ther Semicircle Southern; and the contrary in the other half of Saturn's 
| Longitude, to wit, from 105 22% to 4 229 of his diſtance from the firſt 
Star of Y. 

It follows now to ſhew how by the help of this Table to compute the 
place of this Satellite, to any time required. 

Firſt we muſt have the true Longitude of Saturn from the Earth, and 
numbred from the firſt Star of Y, (or rather the Place of the Earth viewed 
from Saturn, together with its Latitude from the Orb of Saturn; but that 
being never fully = of a degree we neglect it as a Nicety) and therefrom 
ſubtract 10* 229, there remains the diſtance of Saturn Hoa this Eguinoctial 
Point, with which diſtance as with the Longitude of the Sun, take out the 
Right Aſcenſion and Declination thereto (234 degrees being the Obliquity 


common to both) and to the Right Aſcenſion adding 10 229, the Sum 


ſhall be the Longitude of the Satellite's Apogæon. Then ſay, as Radius to 


Sine of the Declination, ſo 8 to the greateſt Latitude in Aogao, or Perigæo 


in the parts of the Semidiameter of the Ring. 

Next collect the Midde Motion of the Satellite, and from it ſubtract 
10 22 the Remainder ſhall be the mean Anomaly, with which in the Ta- 
ble of che Moos primary Equation, take out the Equation anſwering there- 
to, and the half thereof added or ſubtracted to or from the Middle Mo- 
lion, according to the Table, gives the true Motion of the Satellite; from 
which ſubtract the Apogæon, and if the Remainder be more than 6 Signs, 


the Satellite is Decadent if leſs, Oriental; and as Radius to Sine of the 
remainder, ſo 8 to the Semidiameters of the Ring, or 18 to the Semidia- 


meters of the Globe, that the Satellite is to the Eaſtward or Weſtward of the 
Center of Saturn, according to the foregoing Precept. 


Laſtly, as Radius to Coſine of the ſaid Remainder, ſo is the greateſt 


Latithde from the Line of the An/e, to the Latitude ſought. 
Here note, that I purpoſely neglect the Inequality of the diſtance ari- 
ſing from the Eccentricity, as being too ſmall to be any way obſervable. 
Laſtly, to clear all Difficulties that may ariſe to them that are but little 
verſed 1n this ſort of Calculation, I have added an Example of the Work, 
that where the Frerept may ſeem obſcure it may be thereby — 
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jecture. 


. 
An. 1657, Maii . ft, u. M. Hugens obſerved the Satellite very near Sa- 
turn on the Weſtern fide, and very little above the Line of the Auſæ. I 


ſuppoſe this about 10h p. n. Let us now calculate to that time. 


5 Mot. Med. Satel. s. © g 
1657 Maii 9d gb 10“ Londini | 1641 0:26 . 17 
Saturm Locus M 289 57' 16 5:29 54 
ph 4 14 XxX Y 55 0 32 | Mait E 
AEquinofi. Sub, 10 22 oo | gd „„ 
Tt ED — Jy" 40" 9 
h ab Aqui not. 6 ᷣ 8 32 Foes - — 
Aſcen. Recta „ 30 | Long, Med. Satel. 4 10 42 
f — [Aßpocron. 10 22 00 
Apogæon - 0 $0 
Dieclin. Auſt. 3 23 | Anomalia Med. ""J "IT: BB 
— | Agquatio Sub. | 55 31 
Long. Vera Satel. 4 10 = 
Apogeon, 4 29 50 
Reſdum l 1 
h. e. ante Apogeum 0 19 39 


; Ergo 25% Semid. Amnuli ad occaſum, & „ ad Boream; agreeing exactly 
with the Deſcription and Figure of M. Hugens. 5 h 
I here call the Plane of this Satellites Orb, which hitherto I ſuppoſe the 


fame with that of the Ring, Saturn's Equinoctial; not that any Diſcovery hath 


been able to prove that the Axis of that Globe is at right Angles thereto, 
but becauſe it hath pleaſed M. Hugens to call it ſo, and likewiſe becauſe it is 
ſo nearly Parallel to our Globes Equinoctial; nevertheleſs, ro ſpeak my Opi- 
nion, I believe that the Axis is inclined, and that not a little, to the Plane of 
the Ring : for as the Reflection of the Sun's Light from the Ring is a great 
Convenience to that Hemiſphere of Saturn, which beholds its illuminate 
fide 3 ſo the other Hemiſphere is very much incommoded by the Shadow of 
the Ring, which for many Months, and in ſome Parallels for ſeveral Years, 
occaſions a continual Night by the Interception of the Suns Beams, which is 
a Conſequence that demonſtratively follows the Poſition of the Ring, in the 
Plane of Saturn's Aqualor. Now this great Inconvenience would be in ſome 


- meaſure relieved by the oblique Poſition of the Axis; for then the Parallels 
of Latitude interſecting the Plane of the Ring, many, and in moſt caſes all 


of them, might for ſome time in every diurnal Revolution of the Globe, 
free themſelves from this Eclipſe, which otherwiſe were ſufficient to render 
this Globe of Saturn unfit for any ſettled Habitation; but this is but Con- 


8 5 3 . The 


— ———.—— ¶ ͤwmö R I. 22 


— en en————_—_—_—_ — — — — 


— — . — arte ee were — n—cr_ 
— — - om * 


hoes 


ES — - = — 
— . —————— ene EE nes 
— — - — 


—y— — — — 


— —— mn, — — — — pe 


PT 


The other two Satellites of Saturn diſcovered by S. Caſini at Paris; * 
I 1672, and 1673. I muſt confeſs I could never yet ſee; I have been told 
that they diſappear for about 34 of Salurim's Revolution, and were only to 
be ſeen when the Arſe were very ſmall, it being ſuppoſed that the Lake 


which proceeds from the Auſæ, when nnn, OY might hide 
theſe Satellites. 


The Theory of the LXXXII. 1. La Diſtance du Premier Satellite du Centre de Saturne m'n 


8 Satellites of Sa- 


turn corrected; 
M. Caſſini. n. 


187. p. 299. 


N 
— - — <> — 


r By 4. 6 „ 0 0 ib. 
p- 300. 


y paru variable, & ſon Mouvement ſenſiblement inegal, plus viſte, en ce 
temps, dans le Demicercle Occidental, N dans Oriental. Pay derniere- 
ment determine ſa moyenne Diſtance de + du Diametre de I Anneau de 


Saturne, fon Mouvement Journalier de 6* 16® 415 31”, Ainſi fi ſon Mouve- 


ment eſtoit egal, la durèe de ſa Conjonction avec Saturne, c'eſt à dire, 
tout le temps qu'il met A parcourir fon Anneau, ſeroit de 7h 46“. Elle 
m'a paru plus grande par les obſervations immediates, mais il eſt a re- 
marquer que je ray juſqu* a preſent pù voir ce Satellite plus pres de S2- 
turne, que d'un quart d'un Anſe. 

Jay calculẽ l' Epoque de ſon Mouvement, pour le dernier Decembre 1685. 
A. Midi, au Meridien de Paris en W 24 50/, | 

La Diſtance du Second Satellite du Centre de Saturne m'a paru plus uni- 
forme. Je Pay determine d'un Diametre de! Auneau & : Son Mouve- 
ment paroit auſſi plus egal. Jay calcule le Journalier de 4s 1131“ 30“. 
Ainſi la Durce de fa Conjonction devoit eſtre de dh 36“. Je way pas non 
plus vu juſqu' a preſent ce Satellite plus proche de Þ Anneau de Saturne que 
d'un + d' un Anſe. Comme ce Satellite ſe voioit la plus part du temps dedans 


'Jes Confins de la Diſtance du Premier, au quel il eſt egal en Grandeur, & 


Semblable dans la Couleur, la difficultè de diſtinguer Tun de Pautre à ẽſtẽ 


extreme, de ſort que ſans un aſſiduitẽ particuliere aux Obſervations, & ſans 


une grande multitude de Combinaiſons je nen ſerois pas venu a bout. 
Pay determine l' Epoque de ce Satellite pour le 31 Decembre 1685. a 
Midien M ge 10“ N 
La Diſtance du Troiſi eme du Centre de Saturne paroit Fun Diametre de 
P Anneau & 3, Son Mouvement Journalier 2s 18 41' 50”; ainſi ſa Con- 
jonction doit durer 10 heures. I. Epogue de ſon Mouvement Pour le Midi 


du dernier de PAnnee 1685 M 9e 309“. 


La Diſtance du Quatrieme Satellite au Centre de Saturne paroit de 4 Dia- 
metres de I Anneau. Son Mouvement Fournalier de 225 24.28%. Ja 
Durée de {a Conjonction 15h 6“. L Epogue de ſon Mouvement au meſme 
temps & lieu que les autres, en & 18 1', 

La Diſtance du Cinguieme Satellite au Centre de Saturne de 12 88 
de l' Auncau. Son Mouvement Fournalier de 4 32 17”. Ses Conjonctions 


durent 24 heures. L' Epoque de fon Movement au meſine remps & lieu, en 


X 167 19'. Sur ces Principes on peut conſtruire les Tables, & les Ephe- 
merides, 


2, The following Tables are calculated from theſe Elements, and re- 
duced to the Meridian of London. 


Tabula 


6377) 
Tabula Motus Medii Intimi Satellitis Saturni, à Caſſino Detecti Anno 1686. 


Anno | Epoche Mot. Med. S Mot. Med. S | Mor. Med.) S Not. Med. 
Chriſti 8. S 3 
ET Tons TO. - 
1081 |= 19 34] 1] 4 2 34 1]6 10 42] 1| © 7 $73TI 4 6 
1685 | w 10 3o] 2] 8 5 7210 21 23] 2] 0 15 53[22| 4 14 
1686 [8 13 4| 30 7 41] 37 2 5 30 o 23 50 3314 22 
1687 f 15 37] 410 20 56] 4 1 12 46] 4| o 31 47 34] 4 30 | 
1688 | w 18 11] 5 2 23 300 7 23 28] 5| 0 39 44384 38 
1689 [ 1 26] 6] 6 26 4] 612 4 9] 6 47 4003 4 46 
. 2701 [A 4 14 70 28.38] 718 14 15 710 5437371464 
| 8] 9 11 52] 8] 2 25 32| 8| 1 3 343885 2 
Menſ. | Mot. Med. — N ET en — 
Ann. 91 14 26699 61491 3139 5 10 
. 10] 5 17 010 3 16 55110] 1 19 28040 5 18 
—|r11 9 19 3411] 9 27 36011 1 27 2441 5 26 
Jan. "0 0 ee eee $ 28119 I 35 21]42] 5 24 
Feb. 5 127 |— . — —— — 
Mar. 3 o 4913] 0 5 2213 (10 19 oo 13] I 43 18143] 5 42 
April. | 8 2 16]14| 4 7 5614/4 29 42[14| 1 51 1544] 5 50 
— — [15] 8 10 2913/1 10 23015 1 59 1145] 5 58 
Maii 6 23 216 6 23 43165 2x 4416 2 7 8466 5 
Fun. 11 24 29 |—|——|— — — — 
Jul. 10 15 1317 (10 26 17]17]o 1 46017 2 15 5476 13 
Aug. 3 16 42818 2 28 51186 12 28018 2 23 1486 21 
— 197 1 25190 23 919 2 30 3849 6 29 
| Sept. 8 18 9205 14 39120] 7 3 5020 2 38 55150| 6 37 
OF, 7 8 54|— — Mo — — — — 
Nov. O 10 21 [21] 1 14 32021] 2 46 52161 6 45 
3 Dec. 5 1J 227 25 1322 2 54 49526 53 
—— t 3 5 IST 9s. 2451641 7. 1 
24|8 16 36124] 3 10 426647 9 
4 — 25 2 27 1825 3 18 396 7 17 
. 269 7 59126] 3 26 3356) 25 
2713 18 41127] 3 34 32677 33 
28] 9 29 22028 3 42 28|58| 7 41 
In Anno Biſſextili poſt Februarium 29] 4 10 329 3 50 25159] 7 49 
| adde unum diem, motumque 30 10 20 45 30] 3 58 221600 7 5 
ei competentem. UG Ear = |— fn —— 
TY 8 e . 1 
Vo I. I. — Cec 


Tabula 


6378 
2 abula Motns Medi Penintimi Satellitis Saturni, 4 } Caſſino Detefi * 1686. 


—y 


Anno | Epoche. | Mot. Med.] Mot. Med. = | Met. Med. | & \ Mor. Med. 
Chriſti | F. 8 .. 

8 Curr. 0 1 o 5 0 7 S 8 o 7 5 O , HI O 7 
1681 [„ 20 41] I] 4 6 3714 11 31] 1] © 5 2931] 2 50 
1685 J 28 42] 2] 8 13 15þ 2] 8 23 3] 2| o 10 5832] 2 56 
1686 [8 5 20] 3] 0 19 52] 3| 1 4 34] 3] 0 16 26133] 3 1 
1687 [N 11 5749 8 1] 4] 5 16 6 4] o 21 5534] 3 7 

— |||] ;| 27 24|35| 3 12 
1009 10-18 350 53 1 . ——— 

1689 [ 6 44] 6] 5 21 16] 6] 2 9 9 6] o 31 53136] 3-17 | 
1701 [ o 48] 7] 9 27 54] 7 © 20 40 7| o 38 22|27] 3 23 

| — — —|[ 8] 6 16 3| 8er 2 12] 8 o 43 81138 3 28 
Menſ. Mot. Med. || ———— | | ——| 9] o 49 1939 3 34 

| Ann 9110 22 40] 9 3 13-43] 10] 0 54 4840 3 40 
[Cam. 110] 2 29 18110] 7 25 15] — —|— 
— 1117 5 55110 6 46111] 1 00 17141] 3 45 | 
Jan, o o 12 3 24 4112J 4 18 18812 1 5 46142] 3 50 
Feb. 2 27 16]— —|————|13] 1 11 15143 3 56 
Mar.] 6 19 5813 8 oo 42113 8 29 4914] 1 16 44/4444 1 

April. [10 17 1314] 7 19114] 1 11 21115] 1 22 12045 4 7 

—— 1154 13 57135] 5 22 52 — . , eee, 
Mau 10 3 1611 2 61610 4 24160 1 27 4246 4 12 
Tun, 2 9 16]— — |- — 171 1 33 111471417 
Jul. 116 11175 8 4377 2 15 55118] 1 38 3948] 4 23 

Aug. | 5 13 1881889 15 2118] 6 27 27/19 I 44 849 4 28 
— — 191 1 21 388191 8 581205 1 49 37150] 4 34 | 
Sept. | 9 10 34420110 10 71200 3 20 3o[— — . — 
OF. 8 26 19]—]- __ — 211 1 55 ©6]51] 4 39 | 

Nov. o 23 36 2118 2 1122] 2 00 34152] 4 45 | 

Dec. 0.09.21 224 0 13 33123] 2 6 3531 4 50 | 

—— 23] 4 25 4[24| 2 11 31154] 4 56 | 

2449 © 36125] 2 17 00555 i | 

ey 2531 1 18 07]26|] 2 22 29 56 3 

1 1J26 5 29 3927] 2 27 58157] 5 12 | 

27110 11 10128] 2 33 26|;8] 5 18 

[28] 2 22 42129] 2 38 5559 5 23 

In Anno 22 poſt Februarium | — 30 2 44 246o] 5 29 

adde unum diem, motumque | 29] 7 4 13]|— ES 40 
ei competentem. 3011 15 45 : 

J | 


Tabula 


Tabula Motus Med: Satellitis S 


(370) 


aturni Medi, a Caſſino detect Anno 1673. 


— 


An | Hu oc h. Mol. Med.] S\ 149. Med. '$ Abt. Med.] & | Mor Med. 
Chriſti 1 = I > | Sex, I 
hc HR 9 TC 7-4 . 
1661 [ 22 500 19 14 29] 1 2 18 42] 1] o 3 17Þ1] 1 41 
1681 [ 16 3] 2 6 28 58] 2] 5 7 24| 2] o 6 33122] 1 45 
1685 [ 2 41] 3] 4 13 27] 3] 7 26 5| 3] o 9 5033] 1 49 
1686 [m 17 10] 4] 4 16 38] 4/10 14 47] 4] o 13 7134ʃ/ 1 52 
4: — —- 512 1 8| 5| x 3 29 5| o 16 2435] 1 55 
| 1687 [W 1 39]|—|— — — — — 2 — 
1688 |) 16 9 611 15 37] 6 3 22 11] 6 0 19 40360 1 58 
| 1089 L 19 20 7 9 OO 61 71 6.10 53 710 22 37 27] 2 1 

1701 [& 9 15] 8] 9g 3 17] 8] 8 29 35] 8] 0 26 14380 2 5 

—— — 9] 6 17 46] 911 18 16] 9 o 29 31139] 2 8 
Menſ. | Mot. Med.|10] 4 o2 15]io| 2 6 5810] o 32 47],o| 2 11 
Ann. — — — — — — — 
Com. „„ „ ien e i 4 25 Joie 36 44 214 

— 112 1 19 5512] 7 14 22|12] © 21142] 2 18 

Fan. 'o 91311 4 24/1310 3 413 0 42 3843] 2 21 
Feb. 9 9 37141 8 18 54/14] 0 21 46014 0 45 55144] 2 24 
Mar. 10 23 801516 3 23/15] 3 10 27/15 o 49 11145] 2 28 
April 8 245 —. —— ß —＋14— — 

| — — 1616 6 34/166 5 29 9166 0 52 28146 2 37 
Maii 2 23 401017 3 21 3117] 8 17 51]17J 0 55 45147] 2 34 
Fun. 0 317/188 1 5 321811 6 33/180 0 59 148] 2 37 
Jul. 6 24 12J19J1O 20 1119] 1 25 131191 2 18149 2 40 
Aug. 4 3 4920/10 23 12120] 4 13 57120] 1 5 351301 2 44 

Sept. 112 28 21] 7 2 3921] 1 8 52151I 2 47 
Of. 8 4 20 122] 21 20/22] 1 12 8162] 2 50 
Nov. 5.143. 57 123] 0 10 02123] 1 15 2510631 2 54 

| Dec. 8 4 52 124] 2 28 44/24] 1 18 42054] 2 57 
"© REN —|— — 251 5 17 26125] 1 21 39351 3 oo 

260] 8 6 826 1 25 15|;6] 3 4 

127110 24 zoſ27] 1 28 3215713 7 

| 128: 1 32 28 1 31 49 38 3 10 
129] 4 2 13029 1 35 6139 3 13 
30] 6 20 55130] 1 38 221601 3 17 

E LE 
In Anno Biſſextili poſt Februarium | 

adde unum diem, motuinque | 
ei competentem. | 


— 


(380) 


T abus Motus Medii Penextimi Satellitis Saturn, ab Hugenio invents Anno 1673. 


| "Anno | Epoche, > | Mot. Med. E Mot. Med. $ Nor. lied. '= | Motu 
Chriſti . 1 $1 . 17-1: 00. 
| Curr, I. „ / m7. 0 „ I 0 15 T , 71 nn 
1641 [w 24 43 | Iro 20 41] 1 o 22 35| I] o 5631 [29 10 
3 1661 [6 11 19] 2] 9 11 22] 2] 1 15 9] 2| 1 5332130 6 
= 1681 [V 27 56] 3] 8 2 3] 3] 2 7 44| 3] 2 49133131 3 
3 1 1685 [2 13 15] 4] 7 15 19] 4| 3 o 18] 4] 3 46134131 59 
= 1686 [lm 3 56] 5] 6 6 oo| 5| 3 22 53] 5| 4 42135132 55 
1687 [mp 24 37] ©| 4 26 41] 6] 4 15 28] 6] 5 29136133 52 
1688 [& 15 19] 7] 3 17 2275 8 2] 7] 5 351]37[34 48] 
1689 % 28 34] 8 3 00 39| 8] 6 0 37] 8] 7 323835 45 
1701 [LI 14 32] 9] 1 21 20] 9 6 23 1269 8 28[29[36 41 
Ta IO] © 12 I|LIO] 7 15 46 10 9 2440 37 38 | 
Menſ. | Mot. Med.|—| | — — — —1 — |_| ü—ĩ— 
| n. | 11111 2 42]11] 8 8 21|11]io 21]41]38 34 
Com.. 12/10 15 580129 0 55|12Þ1z 17]42]39 31 
j ————|13]9 © 39[13] 9 23 30[13]12 1443/40 27 
l Jan, 0 o 014 7 27 2014/10 16 5g|14]13 10[44|[41 24 
| Feb. 11 9 54115 6 18 1 1511 8 39115114 7 45 42 20 
F TAGS 1: 3 32-44 _ _ — — 
bl April. | 7 21 57116] 6 1 17/16 O 1 14/7663 2146143 17 
ti — 117] 4 21 58017] o 23 481716 4744 13 
by Maii 6 9 16118] 3 12 4018 1 16 23|18]16 5648 [45 10 
10 Jun. 5 I9 IO 19 2 211194 2 8 58 I9 17 52 49 46 6 
bi Jul. 4 6 2920 1 16 36200 3 1 3220018 4950[47 3 
by Aug. 2 16 22 |—|— — — — 11. 
| 7 NR 21] 3 24 72709 4651047 59 
b Sept, | 2 26 16 22] 4 16 42]22]20 423248 5 
N OF, | 11335 23] 5 9 16|23]21 38534 52 
\ Nov. | 0 23 29 24]6 1 5124/22 35|54|50 49 
| Dec. III 10 48 25 6 24 25125124 2155151 45 
1 26] 7 17 0026 24 27|506|52 42 
h 122] * 9 35/7/25 2457153 38 
[? 281 9 2 928026 20158[54 35 
| 29] 9 24 44/2927 1715953 31 
| 309110 17 18030]28 13160156 27 
"2 == 
| | "I 
b In Anno Biſſextili poſt Februarium | 
f adde unum diem, motumque 
| ei competentem. 
OT: | : Tabula 


(381) 


Tabula Medior. Motuum Extimi Satellitis Saturni, a Caſſino detecti Anno 16771, 


| Anno | Epoche, 
| Chriſti 

_ 

1661 [& 24 45 

- Joo 17 25 15 

1085 * 25 21 
| 1686 3 1 4.4 
. 
1088 8 14 31 
1689 | 25 27 
1701 [N 25 45 

Menſ. | Mot. Med. 

Ann. 

Com „„ 
| Fan. 0.0. © 
| Feb, 4 20 41 

Mar, 827 45 

April 1 18 25 
| Maii 6 4 34 

Jun. 10 25 15 

Ful. 3 11 23 

Aug. 1 
Sept. o 22 45 
1 OZ. & 8. 869 

Nov. | 9 29 34 

Dec. 2 15 43 
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In Anno Biſſextili poſt Februarium 
adde unum diem, motumque 
ei competentem. 
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I ſhall only add, that the Proportion of the Squares of the Times of the Pe- 
riods to the Cubes of the Diſtances (which is propoſed as probable by Kepler, 
but now demonſtratively found true by Mr. Newton) gives us nicely the 
Proportion of the Diſtances of theſe Planets from the Center of Saturn; and 
ſuppoſing the Satellite of Hugens four Diameters of Saturn's Ring diſtant from 
him, we ſhall find by the Periods the Diſtances as follows. 


— 


| f Periodus. Diſtantia. 


| SS 3 


1 
21 188 904 


Tull — —— 


Penintini —— 17 . 417 t, 235 £ 
Medii — 
Penexlimi —— Tx al 4, O00 


d. 
1 
2 
5 4 13 477 1, 740 
I5 
79 


. 
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Theſe Diſtances may be uſed, as more accurate than thoſe obtained by 
Obſervation, which yet differ but little therefrom. 


The Phaſis ff LXXXIII. Ann. 1666. June 26, between 3 and 4 of the Clock in the 
Jupicer ; by Morning, I obſerved the Body of Jupiter thro? a 60 Foot Glaſs, and found 
u. 14. 5. 246. the apparent Diameter of it thro? the Tube, to be ſomewhat more than 

©$139 two Degrees, that is about 4 times as big as the Diameter of the Moon ap- 
pears to the naked Eye. 76 as 


l faw the Limb pretty round, and very well defined without Radiation. 


The Parts of the Phaſis of it had various Degrees of Light; about a and 
f, the North and South Poles of it, ſomewhat darker, and by degrees it 


grew brighter; towards b and e, two Belts or Zones, the one of which, b, was 


a ſmall dark Belt croſſing the Body ſouthward ; adjoining to which was a 
ſmall Line of a ſomewhat lighter part; and below that again, ſouthwards, 
was the great black Belt, c. Between that, and e, the other ſmaller black 


Belt, was a pretty large and bright Zone; but the Middle, d, was ſomewhat 


darker than the Edges. 


1he Revolution H LXXXIV. r. S. Campani affirms, that, by the Goodneſs of his Glaſſes, he 


iter «pop bis | l Woes : | r 
e hath obſerved certain Protuberances and Inequalities of Jupiter: and he is 


pani. u. 1. -3-now obſerving whether they do not change their Situation. 
By Dr. Hock. ib. 2. An. 1664. May g. about 9 a Clock at Night, Mr. Hook with an 


excellent 12 Foot Teleſcope obſerved a ſmall Spot in the biggeſt of the three 


obſcurer Belts of Jupiter; and obſerving it from time to time, he found that 
within two Hours after, the ſaid Spot had moved from Eaſt to Weſt, about 
half the Length of the Diameter of Jupiter. _ | 
By s. Divini. 3. Euſtachio de Divinis pretends, that the Permanent Spot in Jupiter hath 
u. 12, J. 205. been firſt of all diſcover'd with his Glaſſes ; that P. Golignies is the firſt that 


2 _ hath 
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hath thence deduced the Motion of Jupiter about his Axis; and that M. Caſſini 


at firſt oppoſed it: But that Spot was obſerved in England à good while before. 

4. There are two Sorts of Spots at certain times to be ſeen inthe Diſk By M. caffini, 
of Jupiter. One Sort are nothing but the Shadows of his Satellites; but the 1,38: 143: 3. 
other have ſome reſemblance to thoſe that are ſeen in the Moon; and they. ya bs þ 
are perhaps of the ſame Nature with thoſe that are called Belts, They move #939: 
from the Eaſtern to the Weſtern Limb ; their apparent Motion is unequal, 
and ſwifter near the Center than the Circumference; and they never are ſo 


well ſeen as when they approach to the. Center, they being very narrow 


and almoſt imperceptible when they approach to the Circumference ; 


which makes us believe, that they are flat and ſuperficial to Jupiter. 
Among theſe Spots there is none ſo ſenſible, as that which is ſituated in 
the Northern-part of the Southern-Belt, Its Diameter is about the tenth 
part of that of Jupiter; and at the time that its Center is neareſt to that 
of Jupiler, it is diſtant from it about the third part of the Semidiameter of 


8 


M. Caſſini, after he had made many Obſervations of this Spo! during the 


Summer of the Year 1665, found, that the Period of its apparent Revolution 


is of gb 56', He continued to obſerve it till the Beginning of 1666, when 
Jupiter approach'd to the Beams of the Sun; but after he was got free of 
the Sun- Beams, it was difficult to be diſcern'd. This giving grounds to 
think that it might be of the Nature of the Spo7s of the Sun, (which after 
appearing for a while, diſappear for ever) M. Caſſini ceaſed at length to ob- 


ſerve them. | 


But Jan. 19. 1672. (/t. n.) when he obſerv'd Jupiter, at 4 4h. in the 
Morning, he perceived in the ſame Place of his Diſk the Figure of the 


fame Spot, adhering to the ſame Southern-Belt, It was already gone beyond 
the Moiety of this Belt, and he ſaw it advance little by little towards the 


Weſtern Limb, to which it ſeemed to be very near at 6. 

By the Celerity of its Motion near the Center, and by the Place where he 
had begun to ſee it, he judged that it might have been in the midſt of the Belt 
at 4h 35 in the Morning, And as he prepared himſelf to make Ephemeri- 
des of its Motion for that Year 1672, he perceived that in thoſe he made for 
the Year 1666, this Spot had been in the midſt of Jupiter the fame Day, 
namely the 19th of Jan. at the ſame Hour. So that in fix Years, of which 
one is a Biſſextile, it is found to have made, in reſpect of the Earth, at leaſt 
5294 Revolutions, each of 9h 55” 85, compenſating one Revolution by 
another; and at moſt 5294Revolutions of gh 55” 51” ; foraſmuch as he was 
aſſured of the preciſeneſs of one Mean Revolution to one eighth of a Minute. 

Until then he had never ſeen an immediate Return of this Spot after 9 
Hours and 56 Minutes; becauſe it had not happened, that Jupiter after the 
Apparition of the Spot had ſtayed, in one and the ſame Night, long enough 


above the Horizon, at leaft a ſufficient height, to obſerve him with due Diſ- 


tinctneſs. He had only concluded the time of this Revolution by Returns 
obſerved after about 20, 30, and 30 Hours; and he had more preciſely 
limited it by Obſervations more diſtant. But the Night after Mar. 1, at 
73h in the Evening, he ſaw this $707 in the midſt of the Belt; and Ro 

- 55 | | ig 


| ( 384 OY 
Night at sh 26', in the Morning, he ſaw it again returned preciſely to the 
ſame Place. Mar. 3. He together with M. Buot and M. Mariotte, began to 


ſee at 8h 4' the Spot already ſomewhat removed from the Oriental Limb, 
but yet obſcure and ſmall. At 8b 47', they ſaw it very diſtinctly advanc- 
ing towards the middle of the Belt. At 9h 15“ 40”, until gh 8', they ſaw 
it in the midſt of the Belt. Argh 15', it was paſt the middle, and was 
come nearer to the Occidental Limb. And a little after the Heavens be- 
ing over-caſt, he could obſerve it no further, g 


2 upiter LXXXV. 1, Au. 1672, Feb. 16, h 444, Alto Jove 18“ 10“, ejus Di- 

"Hamſteed ar ſtantiam A Fixa Lucis 4 (cujus Lat. 1 40“ Bor. Locus Mibi N 10 7 

Tote . 82. 7 16, at Strectio, 149 3' 64% Tubo longiori dimenſus ſum, 16“ 33“, & 
e Differentiam Altitudinum Centrorum V & X# 1' 1”. 

17 Feb. h 25 p.m. Alto V 15 54. iple a Fixa diſtitit 21' 50“; 

Altitudinum differentia erat 8' 40”. En, . 

18 Feb. 5h o'. Fixe diſtantia a Centro V erat 28“ 15” ; Altitudinum 

differentia circ. 15' 29”. In utraque Obſervatione Erro altior erat Fixd, 


à qua ſemper Meridianum verſus ſtetit. | 


Inito dein Calculo ad dies ſingulos & horas obſervationum, inveſtigavi 


C [- 
February 16 7 44017 7 25 [18 7 © 3 
i * F * | 
Jovis A Na Longitudinem in An-| * ' fo ' oo 2 
. tecedentia — —— 0: 9 16 017 12 0 16 1 
Latitudinem ad Auſtrum ab ea—| o 13 30] 0 13 14 0 12 45 
Ergo Yis Latitudo Borealis — 1 26 30 [1 26 46 | 1 27 15] 
| Locus verus „„ %% 54 38 13 46 32 [13 38 42 


2. Mar. 15. v. Obſervare cœpi Jovis Diſtantias & Poſitiones à Stella S 
38, cujus Latitudo 1“ 20' Bor. Locus Streetio M 99 5A, o“; mibi vero 
W 9? 57 20”, 7h 25“, p. m. Alto V 32 52', Diſtantia Centri ipſius 
ab ipſa 33' 30“. Altitudinum Differentia circit. 20“ 42“. 

Mar. 16. 7h 8“. Alta Fixa 369. Jovis ab ea diſtantia erat 27 7“, Al- 
titudo minor 16' 3“. 1 By habe | | 
Mart. 19. Alto Y 29 35", i. e. Ch 45. Fixa altior erat quam Pla- 
neta 2 24; A quo 6b 55“ diſtitit 10“ 21“. os 
Hor. 7. 11. Satelles 4wusa Fixa, 7' 28“. Etiamnum Erro ſemper altior 
apparuit, ſed vere fuit depreſſior quam Fixa : poſtea humilior viſus eſt, ſed 
revera fuit altior. nnd e 

Mar. 20. Melius præparato ad Altitudinum Differentias capiendas Mi- 

crometro, obſervationes habui (ſic putem) accuratiſſimas, que ſequuntur. 


2 Jov. 


* Fo 
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— 


and —_ 


— 


0 7 h. 7 | | 3 77 
30 of6 44 [Jovis Centrum vere altius erat Stella —| 2 13 
30 47] 51 Altitudinum eadem differentia rurſus capta —| 2 14 
32 06 59 |Fovis Centrum a Fixa diſtitit —— — 7 o 
38 30[]7 54 Centrum Jovis vere altius Fixa — 13 14 
40 5018 18 Altitudinum differentia denua capta — — 3 42 | 
Et deinde Centrorum diſtantia erat _ N 
Ad Locum Jovis ex his Obſervationibus acquirendum ſupputavi, ad 
— 1 _ | h. 7 77 | h. 7 i 
6 31 30 8 18 40 
a e | Fo 5 3 71 Q 5 1 | 
Angulos Circuli Verticalis cum Ecliptica 135 39 —146 15 — 
Jovis erat a Fixa diſtantia —— ———o 7 of 0 7 © 
| Altitudinum differentia — oo 214 o 3 4: 
Ergo erat in conſequentia Fixæ —1 2 310 144 
Cum Latitudine majori — — 1 58 410 6 47 
Quare Jovis Latitudo vera — — 11 go 12 1 27 17 
4 | 917eet10 ſows 19 50 3] 9 55 44 
6 | 
r 
| Maii 7. emp. Aut. Tov. | 
— — FOO Oe * : © Ns — N. 86. 2. 5037. 
d. Z | 
24 lo oo 14 10 Humilius erat ov Centrum quam] e ' "| 
= | Stella dicta 3 8' — 07 46 
| | A qua ſemel ejus cepi diſtantiam] o 20 oc 
| Deinde in een ena O 19 54 
26 | 8 46133 30|Diſtantia centri V a Fixa — 1 o 10 5 
Calo | 9 och 50 Hixa altior erat quam * 10 5 20 
ſereno. 9 20 10 Altitudinum differentia erat — o 6 38 
9 3327 20 Differ. Azymuthorum & Fixe 10 7 19 
: 26% ooſDiſtantia V a Fixa denuo capta - © 10 2 
Vo I. I. | D dd 27 
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SAS. 


Harum obſervationum rü 05 


2 — 


ü 


| . 3 | | . 2 „ 1 8 
27. [3 39 [31 24 [Centri V à Fixa diſtantia — [9 6 2K 
Tg ) #7 | 30 3o[Azymuthorum differentia=————ſo 1 50 
aum tw= |) 1629 13 Eadem rurſus differentia === amo 1 32 
mm. | 2328 10 Centri Va Fixa diſtantia 0 6” "of 
tihus. 5 | [ 4 
| | [ 5 
1i— — 1 — 1 ——— ee —— — 
| 28. [8 57 [2r 8A Hxxa diſtantia centri V — 5 
dir” "4 J 19 |28 10PDifferentiaAzymuthorum centri Sc. o 3 29 
Sen, 9 31 26 30 flſthæc Differentia rurſus—— [o 3 32 
* ) 3426 8 [Diſttantia rurſus — — 
Y concuts- | | | 
entibus, 1 
SPAS cas — 23 
30. [9 36 26 15 [Jovis diſtantia a Fixa —— lo 15 38 
Cœlo ſa. | : ' | | | i 
i = | : 2 . 8 
„. [Hac & præcedente note in Conſequentia Fix erat antea ſemper 
in Antecedentia. | 


eo, quas aſteriſco () notavi Azy- 


muthorum differentias ; diebus 27 & 28 obſervatas, nimis ſtrictas acceptas 
æſtimo, ob vacil lationem Tubi; quapropter, quando non ut volui eas ac- 


curate dimetiri licebat, ne nimis amplas caperem, curabam. 


Ad Jovis locum ab his obſervationibus obtinendum ſupputavi. 


— 


a FVV ks 7" RD 

Maii þ 26 o of 27 9 7128 9 19- 

 Angulos Parallacticos ſive Circuli Ver.! 0 0% +. 
ticalis cum Ecliptica - — 80 45—} 79 49—[78 36 — 
Jovis à Fixa diſtantia obſervata 9 6 3 
Differentia abſ. Alt. — Am. 3 30 
Ergo Angulus Pofitionts — — 4 of 
Et Planeta in antecedentia Fixa — | conſ. 2 27] 
Cum minori Latitud. Boreal o 5 32 
Fixæ Latitudo 7. e — 1 20 30 
treetio— | | 

| Fixe Locus Wn Mihi So | 37 * 
Jovis iraque Locus _ kk 9.50 36]. 
Ls M08 —— 9 59 57 
Cum Latitudine Boreali —— —— I 14 38 


3. An 
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3. Au. 1673. Mar, 13. veſp. Jupiter Apbelius pronus ad Phaſin Acroni-n, 94. l. 60:3, 
cam, & Limitem Orbitæ Boreum paululum tranſgreſſus, Retrogradus inceſſit 
verſus gam i Lucis quartæ, è qua (Alto eo ſex circiter gradus) Limbi ejus 
remotiſſimi diſtantiam, ſeptempedali Tubo & Micrometro Townleiano, cepi 
4500=52' 34% . | 
Mar. 17. circa horæ dimidiam poſt exortum Jovis ejus eodem Tubo, 
Limbi Remotiſſimi a Fixa cepi iterum diſtantiam 2073223“ 54”. 
Mar. 20. Sequentes habui obſervationes, primam breviori Tubo, digi- 
torum tantum 83, reliquas longiori, viz. 164 dig. 


. 
—_ 


V e [59% Cent. 
Es ik 2+ JJ WT Yo 
[1] 6 of 7 14|Limbi u remotior. à Fixe diſt. 8509 4809 24 
| 2] ——|————{Eadem diſt. Tubo long. capta 1650{9 5219 28 
3]:14 40] 8 16 Limb. * Inf. depreſſ. ac Fixa 7844 41]4 17 
| 4415 40] 8 23|Alt. cadem repetita Differen. 786{4 4114 17 | 
616 251] 8 26|Limb. iterum capta diſtantia 16659 5719 331 
7 | —— |————|]Denuo — 16 +19 5419 30 ; 
8119 oo 8 50{Differ. Alt. Limbi ov. & Fix? 13816 o001[4 36 0 


Mar. 26. Veſp. Alto Jove 159 go“. Limbi ſui remotioris à Fjxa diſtan- 

tiam, eodem minori Tubo dimenſus ſum 420548“ 30“. | 

Ad Planetæ Lecum ex his annotationibus eliciendum, ſtructis ſupputati- 
onibus, invenio. oy 9 75 


f — 
s Mar. 20 8 16 1— 8 5 
— — — — — — — h 
4 | O Fl HI * 7 77 
Angulum Parallafticum — | 3444 O37 30 © | 
Centrum Jovis a Fixa diſtitit ] o 9 38 | o 9 30 
Altitudinum differentia erat ——={ o 417] o 4 36 
Ergo, Angulus erat Poſitionis 180 6 978 21 o 
Et Jupiter in antecedentia Fixæ . 10 1 55 
Cum Latitudine minori— —1 o 9 19% 1 9 17 


Fixæ mihi Locus, accepto motu Anguo 500, erit & 130 37' 11”, quem 
vult Author Carolinus 13% 33' 47”. Latitudo ejus Borea, 1? 457. Locus 
ergo verus Jovis erit Mibi, "I 455 
8h.16' 4 139 35' 33“ N 35 40 
8 50 m 13 35 16 $ vera @Q1 35 42. | 
— D d d 2 At 


Fig. 140» 


75 


? 


At Fixe conceſſo Loco Carolino, prodibit Vis Locus = 149 32“ og”. 
Loco fic Planetæ & Latitudine perceptis, Orbitz Jovialis & Terreſtris 
Orbitz planorum Inclinationem inde eruere conabimur. p " 


Huic equidem inveniendæ, una cum Loco Solis; ejuſdem, Jovis & Terre 
intermutuæ diſtantiæ poſtulantur: quas à Tabulis quibuſvis probatioribus 


tutiſſime haurire licet: Ego Tabulis utor plerumque Carolinis; quippe quas, 


accuratiores, & faciliores cæteris omnibus comperi; ex quibus ad Sh 16 


Solis locum verum . , 1 It". 
diſtantiam à Terra — —— —— — 100084. 

Jovis à Sole diſtantiam —— — — 544921. 
411erra x penance Ceres — 444952. 


Jam in appoſita Figura ſint, S Sol, T Terra, M Planeta, S E Radius: 
Ecliptice ad 8 Orbitam protenſæ, & Angulus * TS, viſa Planetæ à Terra 
%% d CE 4 

Ex datis (in Triangulo 18 T) Angulo, u I S, viſæ Latitudinis ad Cir- 
culum complemento, 1 8, & u T, Planetæ a Sole & Terra Diſtantiis, ut 
ſupra repertis, eruetur Angulus 18 E, Latitudo ſive Inclinatio Planetæ à 
Sole conſpecta 1218“ 7“. „ 


*., 


Jovis Locus Geo-centricus erat, ® 13? 35' 33”; ab iis ergo datis yis & 


Terræ a Sole diſtantiis, invenietur Locus Helio-centricus Planeiæ m 130 03 


33” 3 è quo ſubductis ſigillatim iis Nodi Locis, quo Autores, quorum No- 
mina in ſequenti Tabella exaravimus, aſſumpſerunt, annexa produnt Argu- 


menta Latitudinis.z è quibus videre eſt, nullis plus Fovem a Limite promo- 
tum haberi quam 6 29“ 59”, nec minus quam 30 58“ 59”, que quantar 


vis videtur differentia in maxima Orbitz Inclinatione inveſtiganda, Errorem. 


ſcrupulis ſecundis 23” majorem inferre nequit. 


Tae ae | e 
err — * — 
TE SL OO T1 GN. 
 |Keplerus. [3 6 33 37]3 6 29 56| 
| Streetius. [3 6 33 4713 6 29 46 
Wingius. [3 7 11 3903 5 21 54| 
Ricciolus. 3 7 18 003 5 45 33 
[Caſſinus. [3 8 45 003 4 18 33 
Bullialdus. 3 9 4 2413 3 58 59 


Es =_ — 
; 


Iſte Nodi Locus, quem CI. Caſinus elegerit mihi etiamſi aliquantulum juſto 
promotior videtur, magis tamen cæteris variis de cauſis, placet: ſumptis prop- 
rerea, Triangulo 1 A , Argumento Latitudinis, &. A, 940 18 33”, &. 


Iaclinatione 3 A, 1? 18707“, eruetur Angulus Inclinationis plani Orbitæ 


1 Jovialis 
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( 389 ) 
Jovialis ad Eclipticam 19 18' 20”, quem ſtatuunt Keplerus 19 19/ oo“, 
Streetius, 1% 20' oo”, Bullialdus & Wingius 19 21' 48”, omnes juſto 
non nihil Majorem. 1 

Tantamque eſſe Inclinationem, vel ſaltem non majorem, cum heſternæ 
noctis, tum Menſium Februarii, Martii, & Maii, Anni elapfi, obſervationes 
ſuadent. Interea vero non diſſimulandum, poſſe & majorem (ſcilicet 19 200 
20.) a tranſitu FS prope 8am M Anno 1649. Mai. 29 & Zo. St. Juliano 
Bononiæ & Majorcæ a Ricciolo & Muto, Viris doctiſſimis, obſervato demon- 
ſtrari : 1d quod nobis (ſiquidem Orbitarum Inclinationes ab omnibus inva- 


riabiles habentur,) videtur innuere, Errorem vel huic, vel illis Fixarum La- 


titudinibus à Tychone aſſignatis, ineſſe aliquem : que propterea donec accu- 
ratius reſtituantur, à præciſa hujus Inclinationis quantitate determinanda me- 
ritò nos arcent: Hoc tantum, quoniam Fixarum ex Latitudines etiam Immu- 


tabiles reperiuntur, auſim affirmare; Angulum maximæ Inclinationis Plani 


Orbite Fovialis ad Eclipticam minorem eſſe ſcrupulis 26“ 40”, quam Lati- 


tudo Stell gz s Lucis 4, quæ Tychoni dicitur, Ultima quatuor in Siniſtra * 
Ala Virgins : quæ propterea fi quando correcta dabitur, eadem certa dabiu- 


tur Inclinatio. 


LXXXVI. Examining our antient Ephemerides L do not find that three By Conjunttions 
of Saturn an 
Jupiter, An. 
16 82, and 1683, 
the Alphon/ine Tables indeed make three in the ſpace of eight Months 1 
twixt Auguſt 1563, and April 1564, incluſive; but the Ephemerides of Sta- ſteed, n. 149. f. 


dius calculated from the Prutenick, make only one, on the 26 of Auguſt, 


Conjunctions of Saturn and Jupiter have ever happened in one Years ſpace, 
ſince they were firſt in uſe to this preſent. Thoſe of Moletius calculated from 


of which Junctinus gives us the following Obſervation in the Preface to his 


| Aſtronomical Tables, An. 1563. Aug. 24. 14h 36', p m. Aurange, Jupiter 


a parte Septentrionis cooperiebat quaſi Saturnum, qui erat a parte Meridionali, 


utraque autem harum Stellarum, in fine 28 gradus Cancri deprehendebatur, Ric 
cioli hence concludes, that the Planet I covered ſome part of Sa/1r at this 


time. But without Reaſon, for the Words quaſi coopertebat intimate not 
that the one did corporally cover the other, but rather that there was ſome 
ſmall Interval betwixt them. The Caroline Tables make the viſible Lati- 


tude of Saturn now, 11' 45”, of Jupiter 20' 10“, both North; the Con- 
junction being ſome few days paſt : but becauſe their Latitudes alter ſlow ly, 


we may hence conclude the Difference 8' 25”, to have been nearly their 


Diſtance at that time. Theſe Tables being grounded on the 7 ychonick Obſer- 


vations, made within leſs than 40 Years after, and ſhewing the Latitudes 
of the Planets well at this time near 100 Years later, we may conclude to 
have anſwer*d them as well then; and if we conſider how ſmall a ſpace the 
Diſtance of 8+ minutes appears to the naked Eye in the Heavens, eſpecially. 


betwixt two ſuch bright Planets as Saturn and Jupiler are, that the Caroline. 


Diſtance agrees very well with the Words of Jundtinus, and that Ricciols, 


was miſtaken. 


Their next Conjunction according to Maginuo's Ephemerides founded om 
the Pruterick Numbers, was April 29,1583. in 21 Deg. of X; the San being 


then. 


Almag, Now, 
Par. To P. 710 


© 
11: 


nB 
then in 17 Dig. of &, ſo that that Planer's Riſing before him in Signs of ſhort 
Aſcenſion and with South Latitude, this Congreſs could not be obſerved by 
the Noble Tycho who was mindful of it, as appears by this Note in Page 
55 of his Hiſtoria Cœleſtis. May 30 A. M. quo primum poſt Conjun&ionem 


Saturnum vidimus, capte ſunt diſtantiæ inter Jovem  Saturnum per Ra- 
dium, 


1h 47" 
I 5 O 


3* 24. 
3 24. 


The ſame Ephemerides ſhew the next Conjunction of Saturn and Jupiter 
1603, December 14 at Noon in 99 36“ of ; but the ingenious Kepler 
and our Sir Chr. Heydon found it by Obſervation 7 days ſooner, or the 7 
Day of the ſame Month in the Morning, in near 8 Degrees of , the Pla- 
nets being but then newly emerged from the Rays of the Sun. 

The Epbemerides of the Learned K-pler, calculated from his own Rudsl- 
phine Tables, make the next Conjunction 1623, betwixt the 7th and 8th of 
July in 60 46, of N, the Planet of Saturn being then only 4 Minutes to 
the North of Jupiter; but this firſt Conjunction in the Fiery Trigon happening 
under the Sun's Beams was not obſervable. _ 7 

By the ſame Tables, and Ephemerides of Eichſtade calculated from them; 
theſe Planets met again in the 25% of XK, betwixt the 15 and 16 of Febr. 
1643, with a degree Difference of Latitude. — 
y the joint Conſent of Eichſtade's and our Wing's Ephemerides, the ſame 
Planets were in Conjunction again 1663, on the 10 of October at Noon in 
132 30, of 7, with one degree of Difference of Latitude; this Cogjunction 
was obſervable after Sun-ſet in our Latitude, but I hear not that any one 
-obſerved it. B Ep 

In every one of theſe Years there happened only one Conjunction of the 
two Superiors, nor is it poſſible that there ſhould be more, except the He- 
liocontrical Conjundtion fall near the Oppoſition of the Sun; for then there 
may be three, two Dire#, and one Retrograde, as has been within the 
Space of 7 Months, betwixt Oclober and May laſt incluſive, of which the 
true Times are determined from the following Obſervations. 5 


*** tt. | Ws 
ttt. x 
— 


— — 


1 prom — — 
5 jj 
OZ. 517 51 Betwixt the Centers of Sat. and Jup.] o 34 54 
43 Sr — ͤ—— OWN. QI. 46 
12113 49 Betwixt their Center d 16 2 
= rep.] o 16 4 
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02. 1714 10] Betwixt their Center x — 

— rep. 
again 
| 114 26 Betwixt their next Limbs — 
| 14 33 Betwixt their remoter Limbs ——— 


0 
O 

O 

O 

0 

O 

[5 9]Saturn from the Heel of Caſtor —— 48 32 23 

48 

48 

48 

2 


— — — 


—— — — —äê— 


14 211— 


15 14 Jupiter from the ſame Star — oo 
3 20 Selwyn from the ſame Star a again — 


15 50 Betwixt their Centers again — 
— | CEE eo | — —ü—I — — —— — — | 
l 1915 41|Betwixt their remote Limbs —— | o 26 2 
| 115 45 Their Centers _— e , 
1 13 47] Their AI 70 25 11 
2218 25 Betwixt their Centers — Db 3 19 
18 29 rep. 1 o 33 26 


The Diſtances betwixt the Planets were meaſured with the Micrometer and 


16 Foot Glaſs, from the Fix? Sars with the Sextant : thoſe of the 12th by 
my Aſſiſtant, the reſt myſelf. 

On the 22 Day, the Planet Jupiter was in Conſequence of Saturn ſome-- 
thing leſs diſtant from him than he had been obſerved on the 5th day near 
the ſame hour. Hence the middle time, betwixt theſe Obſervations is point- 
ed out for the time of their true Coujunction; but to determine it more accu- 
rately, I ſhall examine the Obſervations. made with the Sextant on the 
ſeventeenth Day, which being neareſt the time are moſt proper for this 

urpoſe. 
N The correct Lande of the Heel of Caſtor now S O 50' 42“, its La- 
tirude 51' 40“, South. The Latitude of Saturn by the Caroline Tables 96“ 
20”, of Jupiter 41” 30”, both North. 

By the aſſumed Latitude of Saturn 56' 20”, and his Diſtance from the 
Heel of Caſtor obſerved and corrected 4832“ 30%, Ifound their diffe. 
rence of Longitude 4830“ 37“; therefore Salurn! in & 1921719“. 


By the Latitude of Jupiter aſſumed 41 30“, and his Diſtance from the 


Star 489 45 20% their difference of Longitude 48⁰ 43.56 and Jupiter's 
Place in &, 19“ 34 39“. 


Hence Jupiter's Place in conſequence of Saturn's 1 3/ 20”, with which and 
the Diſtance of their Centers obſerved the ſame Night 20' 12”, I find the 
true difference of their Latitudes 15' 20”; but half a Minute different from 


what I aſſumed it on the Authority of the Tables. 

The apparent Motion of Zupiter from the 14 to the 18 day of Ockober by 
an Ephemeris exactly calculated and made agreeable to theſe Obſervations, is 
29' 16”, of Saturn 15 010 both direct: hence the Motion of Jupiter from 
Saturn in four Days is 14 15“. I ſay therefore as 4 days Motion, or 14 


15”, is. 


— 
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15“, is to 4 Days, or 96 Ho 
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urs; ſo is 13' 20 


2 (which Jupiter is paſt the 


Conjunction of Saturn) to go Hours or 3 Days 18 Hours; the time inter- 
lapſed ſince the Conjunction; which taken from the 17 Day 15 Hours, the 
time of my Obſervation, gives the true time of the Conjunction of the two 
Planets on the 13 Day, one and twenty Hours after Noon, or according to 
the common Account, the 14 Day, at 9 a Clock in the Morning. 


At which time Saturn is with 


Northern Latitude. 

The Ala Eruditorum Lipſienſia, p. 366. make this Conjunction to have 
happened the ſame Day in the ſame Longitude with the Elevenib Star of 
Leo; whoſe Place they ſtate in & 19% 04' Lat. o' 16”. N. with 14 Mi- 


nutes difference of Latitudes betwixt the two Planets. 


Jupiter in % 19 , with 15'5 more 


But their Obſerva- 


tion ſeems to have been made only by the Judgment of the bare Eye with- 
out an Inſtrument, which conſider'd, I wonder not that it differs at all, but 
rather that the Difference is ſo ſmall from this Determination. 


On the 19 of January following, viewing then the Planets both Retro 
with the 16 Foot Glaſs, I found th 


ſtance of each other, 


grade 


em approached within a meaſurable Di- 


| An. 1683. | 
| d. h. / | 1 5 | Q / 1 
Jan. 19] 6 41] Betwixt their Centers — —— — | o 33 28 
; 5 45 v rp. 0 33 24 
49 Betwixt their remote Limbs — — — 0 33 52 
206 6 3 | Betwixt their Centers — — — — — 0 is | 
Both being] 6 7 | ——— - — rep 0-16 6 
in & to the] 7 oo | Betwixt their remote Limbs — — —| o 15 31 
Sun. 15 $8 By T. Smith — — — — — rep. | 'o 15 9 
| 7 12 | Betwixt their Centers — — — — — 0358 
4 7.14 — —— — 0 1s 2 
| 7 17 | Betwixt their next Limbs — —— —| o 14 29 
| 7 20 —— rep. | © 14 31 
721 — — again | © 14 26 
9 24 | Jupiter from the Heel of Caſtor — — 46 18 10 
9 26 — rep. 46 18 5 
9 28 | Saturn frm the ſaid Hee! —— — —| 46 8 50 
9.39 gore mm Mp140.:9 551 
9 37 [Jupiter from the bright Star of the | 
Lions Head E. — —— — — —| 8 42 5 
| 9 39 _ — rep. | 8 42 5 
| 9 407 Saturn from the ſame Star — — | 8 29 35 
E 7” "7 —d.— rep. | 8 20 40} 


(394) © | 


| h. 2 18 wt m_ 0. / 77 
9 48 [Jupiter from the Lion's Heart — — 8 18 oo 
j 9 50 W ö 
| 9 52 [Saturn from the fame — — — | 8 29 35 
„„ Dom 9 — rep.] 8 29 35 
9 59 The Lions Heart from E in the 
Head — — — 12 58 50 
ro 3 | The Heel of Caſtor from the Lions 
F-: Heart —— 1 1 20 
1o Br! The Heel of Caſtor from E X — 40 24 45 
[an. 30. ] 5 28 | Betwixt their Centers —— — © 11 36 
3 30 8 . rep.] O 11 33 
5 34 | Betwixt their remote Limbs o 11 58 
5 36 e 1 — rep.] 0:12 1 
5 38 | Betwixt their next Limbs — — [0 11 x 
| 5 41 — — Mc 00 


Feb. 77 37 | Between their Caen” wo: woo 0 35 
2 9 1 . 341 


From Obſervations formerly . have determined the true Places and 
Latitudes, to this preſent time, of, | | 

5. . 33 1 

The Heel { of Caſtor — 8s 051 10 Lat. © 51 40 South. 

Bright * in the Lion's Head, E — & 16 15 27 9 41 07 North, 
Lions Heart — — 25 24 45 o 26 20 North, 


| And from the above recs 8 the true Diftinces of the Planets 
from theſe Stars, January the 26th at gf 40' P. m. as follows, 


Saturn from the Heel of Caſtor — 46 og oo 
Jupiter from the ſame — 46 18 10 
Saturn from the Lion's Hear. 8 29 40 
Jupiter from the ſame "#18 00 - 
Saturn from the bright * in the Liow's Head E — 8 29 40 
Jupiter from the ſame 10 


Whence I collect the true Places at this time. 


' 77 s " 1 it 


8 


Of Saturn K 16 57 10 Lat. 113 10 


Of Jupiter & 


17:07 240: £451 Ot 30 


Difference of Long. === —oo—of En: 1140 
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The Retrograde Motion of Jupiter from Saturn in 4 Days, betwixt the 
T wenty-fixth and thirtieth of this Month, by my correct Ephemeris is 12 
15”. I ſay therefore as 12' 15”, is to 4 Days or 96 Hours; ſo is 10' OO“ 
(the Difference of the Planets preſent Longitudes) to 78 Hours, or three 
Days ſix Hours; which therefore added to the time of that Obſervation 
Fan. 20d gh 3, gives the true time of the Conjunction Jan. 29d 16he or ac- 
cording to the common account Jan. 30 at 4h in the Morning. At which 
time both the Planets are in & 169 51'3,, with 112 Difference of Latitude 
or Diſtance from each other; which is further confirmed by the meaſured 
Diſtances of the Planets on the 30th at Night before recited. 5 
On the 267% Day at 9h 40“ the Sun's true Place was by my Tables in 
& 172 21'z, ſo that he was now about 5 of a Degree paſt their Oppoſition. 
Towards the Latter end of the following April, the Planet Jupiter began 
to approach Saturn again, both being now direct; the 28 at Night with the 
16 foot Glaſs and Micrometer I meaſured the Diſtances. | | 


Kot. 4. — i di. lll. * a 


pan. 1083. WH | | | rants 
| . ; fo 85 
Apr. 28.10 21 [Betwixt their Centees — — | o 32 35 
3 — — TCP. 0 32 33 

10 24 Betwixt their next Limbs — 8 42 4 

10 26 — — — —— rep. O 32. "i 

| Betwixt their remote Limbs but not ac-| | 
| | curately, Clouds interpoſing. 
T1. 10 29 — — | 33 22 
May 78 59 [Jupiter from the Lions Heart — 10 59 oo 
| 1 — — rep. 10 59 oo 
| 9 3 Saturn from the Lion's Heart —— 10 58 50 
8 OM. rep. [10 58 50 
9 11 Jupiter from E in the Lion's Head — | 8 55 3 5 

| 9 15 — — rep.] 8 55 40 
9 17 [Saturn from the fame Star 8 39 40 

| „ A» _ —_— I 
| 9 3o[Betwixt their Centers — | 15 38 
| — rep. o 1; 37 

+ Betwixt their next Limbbs — F O 7 ; 3 

9 3%; eee.” — rep. © 15 00 

9 40 Betwixt their remote Limbs — [0 16 2 

. r —— Ip. o 13 58 
110 20 Jupiter from Bin R —: 38 11 45 

10 33 — — rep. 38 11 45 

10 26 Saturn from the ſame Star — J38 10 55 

10 28 — — rep. 38 10 45 

May 11] 9 28 Betwixt their Centers — 1 
15 31. — — rep. oo 20 2 

L_—_—— 163. Betwixt their Centers — deo 34 4 


5 — TT 


0 395) 
From theſe Obſervations q ſtate the Diſtances of the Planers from the 
Fixed Stars May 7th at gh 5“. p. m. as follows. 


o 1 17 

Saturn from the Lion's Heart — 10 39 58 

Jupiter from the ſame — 10 59 OO 

Saturn from E in the Lion's Head — 8 39 40 

Jupiter from the ſame — 333 35 
0 a" O 11 


Hence the true Longitude of Sat. & I 4 27 42. Lat. 1 12 46. North. 
of Jupiter & 14 26 37. Lat. o 56 43. North. 
Difference of Longitude 1 4 Lal. © 3. 


The Difference of Latitudes ſomething exceeds the Diſtance meaſured 
with the Micrometer, by reaſon that the Wind then ſhaking the Sextant per- 
mitted us not to be ſo exact as uſually ; but the Difference, being leſs than 
half a Minute, I eſteem inconliderable. 

The Diurnal Motion of Jupiter from Saturn was now 3“ 15”. It holds 
therefore, as 3' 15” (one day's Motion,) is to one Day or 24 "Hours ; fo 
1' 4”, (the Diſtance of Jupiter from the d with Saturn) to 8 Hours, the 
Interval betwixt the Obſervation and following Conjunction, which was there- 
tore 17h after Noon, or according to the vulgar reckoning, May 8.at 5a 
Clock in the Morning: At which time the true Place of the Planet is & 
14? 2874, the Difference of their Latitudes, 15 40”. Salurn being lo much 
more Northerly than Jupiter. 

In all beſt eſteemed Aſtronomical J. ables extant, the Mean Motions of the 
Planet Saturn are too ſwift, of Jupiter too flow conſiderably : Hence it 
came to paſs that they made the Dire# Conjunctions ſome Days later, the 
Retrograde earlier than they were found by Obſervation. 

2, Oct. 26. ſt. n. 1h 400. mane ſitum Jovis & Saturnt Tubo & Microme- 4 Danezicl; 
tro ex voto deprehendere mihi obtigit : quo tempore ſimul Fixa quædam ſa-A. 143. pagers 
tis conſpicua (quod notatu dignum) dictis Planetis ſatis prope adhærebat. * 75% 9. 346. 
Jupiter ſeſe cum tribus Comitibus tum offerebat, forte & Quartus adfuir, ſed 

ob Nub--ulas haud fuit conſpectus. Saturnus diſtabat à Jou. 16' 44” ; 7upi- 

ter 2 Stella (n1 fallor in Armo Dextro N) 27' 55": Rurſus 3 di- 
cta Stella 38“ 1“. Stella dicta verſatur modo juxta noſtrum Catalogum i in 

1992 9“ K. & Latit. 09 20 45”. B. Die 30 Ocflob. 5b manc, Dittantia 
Þ & V, 25' 5” extitit; unde certo colligere licuit Conjuntionem jam ante 
complures dies celebratam eſſe quam Ephemerides Calculuſque primum die 
3 Novem. exhibent. 

Id quod ſubſequentes Obſervationes adhuc clarius demonſtrant. Nam 
Loco, quod Diſtantia % & H de die in diem (ſi & inſtaret) paulatim mi- 
nor fieri debebat, continuo aucta eft. Die 1 Nev. hor, 2 mane, ope Micro- 
metri noſtri dicta Diſtantia extitit 31' 35”. Et Die 2 Nov. eandem Diſtan- 
tiam rurſus reperi 35' 21”. Die 3 Nov. mane, hor. 1. jam 39' 9”; Die 4. 
Nov. cælo perquam ſereno adhuc paulo major dicta Diſtantia inter h & an 
deprehenſa. 


Eee 2 | Alteram, 
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Alteram Conjunctionem quod attinet, quæ ex Retrogreſſionibus horum 
Planetarum elders debebat ſecundum Ephemeridum Scriptores die 26 Fa- 


nuarii hujus Anni currentis 1683, Obſervationes nonnullas ac * ha- 
bitas hic apponam. 


Temp. ex | | | 
An. 1683. alt. Corr. Obſervationes. Diſtantiæ. 
">| ve. 
| h. I 7 | O 8 
Feb, 1 6 40 o] Diſt. Satur. & Jov. inventa eſt- 3300 o 35 «| 
Feb. 29 30 O Diſt. Satur. & ov. 2900] 0 22 3 
Feb. 3 | 9 oo o] Diſt. Satur. & 7. —— —— 2500 © 19 
Feb. 4 |:o oo O] Diſt. Satur. & Fov. —— —— 2300 o 17 ut 
Feb. 5 | 8 30 ©| Diſt. Satur. & Fov, —— —— 2100] © 15 59 
Feb. 6 7 31 ©] Diſt. Satur, & Fov. —— —— 1850] O 14 6 
Feb. 7 | 8 17 19 Diſt. Satur. & 7. —— —— 1500 o 12 55 
Feb. 8 | 6 10 O] Dill. Satur. & fov. — —— 1600 o 12 2 10] 


Feb. . veſp. gh o' 8”, Planetas 1 ubo conſpexi per Ae denſiſſimas 
nubes; Oculoque fugitivo deprehendebamConjunclionem ipſam jam celebratam 
eſſe nocte præcedente inter 8 & Febr. Nam dicta Diſtantia paulo amplior 
modo apparebat. Prout etiam 11 Febr. veſp. gh of o” factum eſt : nam 
Diſtantia inter Saturnum & Fovem erat 2000, hoc eſt oꝰ 1 5 12 Micrometro, 

quæ die 8 Feb. tantum inventa eſt 0? 12“ 0“ 

Ad hc, Conjunctionem jam eſſe celebratam, exinde certd.con ſabat, uod 
uterque Planeta cum Ventre Urſa Majoris non amplius, ut quidem die 8 Feb. 
contingebat, in linea ſubſiſteret recta; tum etiam quod Saturnus non amplius 5 
ad orbitam Jovialium ſub. Angulo Recto commoraretur. 


Quo autem hoc ipſum eo evidentius redderetur, Obſervationes nonnullas 2 


diebus ſublequentibus continuatas hic apponam. 


| h. at | | ae / | 

Feb. 12] 9 o Diſt. Salus. bs Jew. capta eſt -- 2200 17 6 
1347 15 255919 24 
r —— — 2900122 3 

1 80 — — 

20] 9 of — — 3250030 12 


Ex hiſce igitur Obſervationibus continuatis ſatis ſuperque liquet, cum de 
die in diem Plancte ab invicem magis magiſque diſceſſerint, quod Con- 
junctio ipſa inter 8 & 9 Febr. revera jam fuerit obſervata. 

Denique adjiciendum pariter cenſeo, Aſtrophilorum gratia, quidnam circa | 
Tertiam eorum Conjunttionem, Menſe Mai obſervaverim. 


An. 1683. 
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| | Temp, Sec. | ay 2 
An. 1683.| Hor, am- Obſervationes, Diſtantie 
|bul, veſp. 
1 | 
Mai 8} 9g © | Diſt. Saturni & Fov. inventa eſt] ' “ 
5 Micrometro — 430} 32 41 
100 9 14 „ 
FV — 3450] 26 13 
121 8 45. — — 3050] 23 10 
| 121 9.15 3 — „490 0 21: - 17 
In 0 — 4 9 82 
75] 9 30 — — 2400] 18 15 
„ — — „ 
17] 9 140 — — 2150] 16 10 
is} 10 oo | — 21000 15 58 
„„ Hac die extitit Vera Conjunctio. 
01 It 45 4 2450] 18 37 
21 9 15 — — 2650 20 9 
t 22} --9 20 —ͤ — 2900] 22 3 
1 223 9 45 . e 3250 24 43 
N — — 36000 27 22 
: 2: 9 30 — — 4000 30 25 
26611 of — —— 4453] 33 50 
271 9 251 — SO agg 35 
| 28 2. 25 — — 53251 40 29 


Ex quibus Obſervationibus cuilibet nunc liquidum eſt, cum Diſtantia Sa- 
turni & Jovis de die in diem continuò decreverit ad 18 Maii, & ab hac dis 


rurſus creverit, Conjunctionem horum Planetarum eadem ipſa die etiam acci- 
diſſe, & quidem, (uti ex obſervationibus diei 15, & 20 Maii patet) hora 
antemeridiana 10: quæ ſecundum Ephemeridum Scriptores, die 26, primum 
ingruere debuit. Sic ut hæc tertia & ultima hujus Anni Conjunctio Magin 
integros dies revera contigerit. 

De cætero, hanc ultimam Conjunctionem jam celebratam die ſc. 18 Mai. 
veſp. hor. 10 fuiſſe, ex eo liquet, quod Saturnus jam non amplius eo tempo- 
re ad Orbitam Jovialium ſub Angulo verſabatur recto; deinde etiam (uti 
ex ſubſequentium*dierum obſervationibus videre eft) quod A die 18 Mai; 
ad diem 28, quouſque Micrometro Diſtantiam Saturni & Jovis dirimere po- 
tui, continuo aucta fuit. | | 


pariter haud mediocriter Tabulas eluſerit ; ita quidem quod citius ultra 8 


Ultimo, notandum quoque occurrit, cum die 21 Mai: veſp. inter reliquas 


obſervationes etiam Diſtantiam utriuſque Planelæ a Stella Superiori in Pede 


Auteriore 


De mean Con. 
junctions of Sa- 
turu and jupi- 
ter; by Mr. 
Flamſteed. 
2.149 P. 25 
July An, 1683, 
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Anteriore Dextro Ur/z Majoris Sextante obtinuerim, atque eadem dicta Stella 
cum utroque Plazeta in eadem ſimul fere recta tum conſiſteret linea, quod 
promptum fit cuilibet Rerum Cæleſtium cultori dijudicare, an obſervationes 
mem, Sextante noſtro novo ſimul obtentæ, cum obſervationibus Micrometro 
capris omnino etiam oonveniant. Sextante Diſtantia Jovis à dicta Stella erat 
32% 38“ 40%, & Saturn 32* 19“ 45” 3 fic ut genuina utriuſque Planetæ 


Diſtantia extiterit 18' 55", Micrometro vero ea ipſa Diſtantia 1 inventa eſt 


ca ipla die 21 ſc. Mali 20 9” 3 {ic ut Sextante obtenta 1 14“, Minor 
extiterit, Non eſt autem, mi N quod exiſtimes, hoc vel illo Inſtru- 
mento me aberraſie, minimè profectòè; quippe Saturnus & Fujier cum 
dicta Stella non omnino in linea recta ſubſtiterunt; prout cuilibet ex Globo 
& Calculo patet, hincque neceſſario illa diſtantia, Setanle derivata, etiam 


f 95 minor oportuit eſſe. 


LXXXVII. Riccioli in the Second Part of the firſt Tome of his Almageſt, 
has given us a Table of all the mean Conjunqtions of the two Superiors from 
the Creation till the Zear of Chriſt 2358, but very coarſe and incorrect. I 
. have therefore made a new one for 43 Revolutions, which are completed in 
853 Julian Years, and 235 Days, from their mean Motions, which I have 
corretted by very late Obſervations. This being the Period of the grealeſt 
Conjunttions, after which ſpace of time they return to the ſame Place of the 
Zolliac within 4 of a Degree. 

The ordinary Conjunctions happen once in twenty > or more preciſe- 
ly in 19. Julian Years, and 312 Days; in which time Saturns mean Motion 


is 88 22 48's, Jupiter's the ſame above one Revolution. 


Theſe are commonly term'd the Leſſer of the Great Conjunctions, which 
continue in Signs of the ſame 7 riphicity for 10 {evolutions to each other, or 
198 Years: each Conjunction according to the mean Motions being 8“. 29 
48 removed from the preceding; ſo that if any Con junction, was made 


upon the firſt Point of Y, the next following ſhall be in 29 48“ of J, and 


all the following for 198 Years ſhall fall in V, * and T, Sigus of the ſame - 


Triplicity. 

But the 11 Conjunctions after, ſhall happen in the firſt Degree of m, and 
the following ten Conjunctions in 8, m, and W, Signs of the fame Triplicity, 
Of theſe the firſt are called by our Aſtrologers the Greater Conjunci ions. 

But the Grealeſt is, when after 43 Confunctions completed in 853 Years, 
235 Days, the mean Conjunctions, having been made in all the Signs, return 
to that Point of the Ecliptick from whence they began: tho ] mult confeſs, 
had I been to name them, I would have called thoſe the grealeſt which hap- 
pen in the Signs, S and K, becauſe then the Planets riſe higheſt, and are 
longeſt viſible in our Horizon; as alſo being near their North Nodes, they 


approach neareſt, and if they have any extraordinary Influence (which Na- 


boyd thinks either they have not, or if they have, we underſtand not) it 
muſt according to their Axioms be ſtrongeſt. _ 
T hofe which happen in y and x I ſhould call the Greater or Middle, be- 


_ «caule the Planets being then near their South Nodes, may approach each 


Other 


1 . * 4 — * 2 K 4 CR" 4 * n I 4 N 6 
* 5 c 9 * * the * ” 0-79 N 1 . „ OST p a : 8 * * 6 F * xx 9 r * * 3 . . 2 , , N N : : 
3 0 *% FE , : : * 3 i g s 
— | Eno ng ak: FEC ar ——— 4 i , ; 5 FED 
* . = 
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other again very nearly, tho they 
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thern Signs; the reſt might he accounted the Leſſer or Ordinary. 

The Mean Conjunction of Saturn and Jupiter this Year 1683, was on the 
14% Day of January old Stile, at 12 Hours after Noon, in the Meridian of 
London; at which time the mean Motions of both the Planets were 4* 119 
45'. This may be the Radix of the following Table. 


riſe not high in our Horizon, being in Sou- 


A Table of the mean Conjunctions of Saturn and Jupiter. 


— 


= | 
Intervals. + Intervals. 
z 
Revoluti- IRevoluti- : 
ons Com-] Time. Motion. ans Com-] Time. Motion, 
Plete. I blete. 
„ . d. „ 
I 19 312 8 2 40 23 456 219] 6 431 
2 | 39 258} 4 5 37 24 [470 165] 2 7 19 
2 39 2041 0.8 25 25 1.490 11111010 8 
0 nn 26 517 57] 6 12 561 
5 99 966414 1 27 [536 30 2 15 44 
6 119 421 0-16 50] 28 -1555 31510 18 32 
7 $138 36213 3 19. 39} #3 29 : 1575 2014-6: 21 2x 
8 158 299] 4 22 26 30 [595 20% 2 24 9 
9 178 245 0-25 15 8 31 618 153110 26 57 
10 198 191] 8 28 31 | 32 635 99 6 29 45 
11 [218 137] 5 00 51 $3 1055 45} 3 -2 34 
12 238 3831 © $ 40 34 674 33611 5 22 
123 286 29 9 6 28 35 694 302[-7 8 10 
14 277-: -2401] 5 9-19 10 59 
15 297 286] 1 12 4 37 734 194|11 13 47 
16 317 232] 9 14 53 38 [754 140] 7 16 35 
19 1.337. 176] 5 17-41 290.3774 - $61.3 19-24 
18 1357. 1244 1 20 29 60 4706 $2317 27 12 
18 27 70] 9 23 18 44 J813-: 34 25 OO 
20 397 16 5 26 6 42 [833 289 3 27 49 
21 | 416 327] 1 28 54 43 853 235] 0 00 37 
1b —.— 
— — By 
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By this Table to find the time of any mean Conjunction, paſt or future, 
neareſt to any place of the Zodiack ; for times paſt, ſubtract the Longi- 


rude of the given Place from the Longitude of the Radix 4* 117 45', the 


Reſidue ſeek in the laſt Column of the Table ; if you find not the preciſe 
Number take the next to it, againſt this you have in the ſecond Column 
the Years and Days, in the firſt the Number of Conjunctions paſt ſince any 
was made in that Place; ſubtract the Years and Days from 1683. Jan. 14. 
and the motion from 45 11017, ſo have you the true time of the mean 
Conjunction, and Longitudes of the Planets then. 

But for times to come ſubtract the Radix from the given Place, ſeek the 
Reſidue as before in the laſt Column; if you find it not, take that you find 
neareſt it; againſt which, as before, you have in the ſecond Column, the 
Years and Days; in the firſt, the Revolutions future : for Example, 
If it were required to know when the laſt Conjunction happen'd in the firſt 
Deg. of zu, Subtracting æ or Ten Signs from 4* 119 15', the Reſidue is 
6* 119 15', which ſeeking I cannot find in the third Column of the Table, 
but TI find C* 129 56', which is not two Degrees more, and againſt them 
516 Years 57 Days, and in the firſt Column 26, for the Number of Con- 
junctions interlapſed. Subtracting 516 Years 57 Days from 1683. Jan. 14. 
there remains 1166 Years, 322 Days; which ſhews me that the Conjunction 
was in the Year 1166. Nov. 18. and ſubtracting the Motion 6s 129 56', 
from 45 119 45", it points me to the Place in 98 28? 49%. 

Or if the Time of the firſt Conjunction in & to come were demanded, I 1 


ſubtract the Radix 45 11 45', from 6 Signs, the Reſidue 15 17% 15“, I 


ſeek in the Table but find it not, I take therefore the next to it 15 20 29, 
againſt which ſtands 357 Years, 124 Days, theſe added to 1683. Fan. 14, 
give me the Year 2040, and 138 Days, May 18, for the time of this 


Conjundtion, and adding the 15 20? 29, to the Radix 4* 11 45', it makes 


The Sa dotos of 


Jupiter's Satel- 


hires obſerved ; 


by S. Campani. 
. 1. Þ. 3. 
By M. Caſſinĩ 


aud others. n. 8. 
72 143. 7. 10. 
2. 171. n. 82. 
7.4039. 


68s 29 14, for the true mean Longitude of this Conjunction. 
From the mean Conjunction the apparent may be found by the help of a 
Planetary Inſtrument, or the uſual Aſtronomical Tables. 


LXXXVIII. I. S. Campani affirms, that he hath remarked in the Belis of 
Jupiler, the Shadows of his Satellites, and followed them, and at length ſeen 


them emerge out of his Disx. . „„ 
2. M. Caſſini, after he had diſcover*d (by the means of thoſe excellent 


Glaſſes of 35 Foot made by S. Campani) the Shadows caſt by the Satellites of 


Jupiler upon his Dis when they happen to be between the Sun and Him; 
and after he had alſo diſtinguiſh*'d their Bodies upon the Dis“ of Jupiter, 
made ſome Predictions when they ſhould appear, to the End that the Curi- 
ous might be convinc'd of this matter by their own Obſervations. 

Some of theſe Predictions have been verified, not only at Rome, and in 
other Places of 1taly, but alſo at Paris by M. Auzout, and in Holland by 
M. Hugens ; particularly Sep. 26, 1665. at half an Hour after ſeven a 
Clock, one of theſe Shadows was ſeen both in Fance and in Holland. 


1 8 Theſe 


before; and J obſerv'd it in about 10” time to be gotten almoſt to d, keep- 


vis Digreſſiones, a ſeipſo obſervatas, necnon & Motus cujuſque Medios, Mo- Flamiteed. v. 


— 


inſtituere Operæ fore pretium duxi. Micrometro itaque & Tubo 14 Ped. An: 
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The Spots have this peculiar, which diſtinguiſheth them from all others, 
that they are found preciſely in that Place of Jupiter, where ſome Satellite is 
ſeen by the Sun; that they go from the Oriental Limb to the Occidental of 
the Diſk of Jupiter, with a Motion always equal to that of the Satellite; that 
in reſpect to us they precede the Satellite, before the Oppoſition of Jupiter to 


the Sun, and follow him after the Oppoſition ; that the further Jupiter is di- q 
ſtant from the Oppoſition, the greater is the apparent Diſtance of the ſame | 


Satellite; that at divers times of the Year, this Diſtance changeth in pro- 
portion of the annual Parallax of the Satellite, according as he is differently 
ſeen by the Sun, and by the Earth; and that at one and the ſame time of 
the Year, when divers Satellites happen to be between Jupiter and the Sun, 
the Spots correſpondent to them are diſtant from them in proportion of the 
Semidiameters of the Circles of the ſame Satellites. 


3. An. 1666. Jan. 26. about 3h 157 in the Morning, I perceived (with By Dr. Hook. f 


n. 14. P. 246. 
Fig. 139 


a bo Foot Glaſs) near the Middle of the Zone d, a very round Spot, like 
that repreſented at g, which was not to be perceived about half an Hour 


ing equal Diſtance from the Satellite h, which moved alſo weſtwardly, and 
was joined to the Diſk at i, at 3h 25”: ſo that it was ſufficiently evident 
that this black Spot was nothing elſe, ſave the Shadow of the Satellite h, 
eclipſing a part of the Face of Jupiter. The other three Satellites in the 
time of the Eclipſe were weſtwards of the Body of Jupiter. 


LXXXIX. 1. Anni duo & amplius elapſi ſunt ex quo eruditiſſimus Ri- The Elongations 
chardus Townleius Armiger, mihi maximas Jovialium Siderum à Centro Fo. lier 5 


tuumque illorum Radices, ab Obſervationibus ejus deductas, Tornleio ſuo —_ 2 
accommodatas, communicavit. Ab eodem deinceps Ephemerides tuas, Cla- f. 5933+ 5. 96. 
riſſime Cafſine, Mediceorum Siderum An. 1668, impetravi; quibus quando! 
cum Motus tum Motuum Radices, necnon & ſummas Elongationes à Te 
conſtitutas, nonnihil a D. Townleii inventis diſſidere comperui; & Ego, quod 


ipſe impenſius hortatus eſt, nonnullas primà quoque Occaſione Obſervationes 


1672. Menſe Mar. Styl. Jul. ſequentia, qua potui cura, Experimenta prima 
feci, Obſervationibus, in majorem certitudinem, identidem quaque nocte 
iteratis. 


An. 167 2. Mar. 19d 7h 11. Limb. Jovis remotior I 470. Satellite diſt. 
5 4 1 
27,8, Limb. remotior ab eodem 4t9 Satellite u. 28. f. 4637. 


e 
28. 8. FEadem Diſtantia —— 1598 =9—33 


Jovis Diameter pluribus obſervationibus reperta 128; Ergo Semidiame- 
ter ejus 64; qua diviſis Diſtantiis obſervatis, apparentes fient Sate!/itis à 


Limbo Jovis remotiori Diſtantiæ in Semidiametris ejus. 


221 — Z 22 3 WE BEES. _- 
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. | IR 
Mar. 19. 25 1 


1 
27. 24 51 : Sublatà ſemidiam, a centro fent I; 8 8 
28. 24 56 ''. w3$ 508; 


Cujus tunc Motus a Fove & diſtantiæ a centro ipſius fuere, ſecundum 
numeros tuos, ut hic. + 


„„—— 


C hs 
Mart. 19 7 11|8 25 33| 22 56 


8 24 8 12-19 35124 47 
t 


5 


Aberat ergo Satelles ab extima Elongatione, in prima obſervatione, tan- 
tum 4“; in ſecunda 23“; in tertia 26“: Semidiametri ſcrupulos ſexagena- 
rios: quos propterea fi obſervatis Elongationibus modo debito adjiciamus, 
fient maximæ Digreſſiones hujus 4 Satellitis a centro Jovis per primam 
Obſervationem 241d ;'; per ſecundam 244d 14“; per tertiam, 2414 24“; 
quam Ty ſtatuiſti tantum 2314. R. Townleius 241d 72. | 

Harum Elongationum poſteriores duas accuratiores exiſtimo quippe qui- 
bus inveſtigandis obſervationes commodas, omni qua cura poteram, peregi; 
priorem deinde inter plura noctis 19% Adverſaria inveni; quam perinde 
exquiſitè captam haud auſim affirmare. Utcunque tamen Obſervationem ad- 
Ject; quippe qui non adeo a ſequentibus diſſentit, quin eas poſſit confirmare, 
necnon oſtendere, perparùm ( quicquam) minus, ſiniſtram quam dextram 
verſus, huncSatellitema Fove elongari. 

Sed tamen inter obſervandum ſenſi, Aeris & Venti motum, quatiendo vel 
agitando Tubum (ad erectam Abietem, ope funis & trochleæ, ſub dio pen- 
ſilem) obſervationem reddere difficilem ; quin & frequenter efficere, ut ni- 
mis ſtrictas acciperem Diſtantias. Quamobrem a pluribus hujuſmodi ob- 
ſervationibus, quæ ſummam curam & præciſionem depoſcunt, eo uſque 
ſuperſedere conſtitui, donec commodiorem 11s inſtituendis locum aptarem, 
quem tandem paravi. In Feneſtra quadam Ligneam Machinam, brevis 
ad inſtar Scalæ, aptari curavi; cujus operi impoſitus Tubus quaquaverſum 
converti potuit, nec à ventis, niſi admodum turbidis, hinc inde, ut ſub dio 
fuit, agitari. Huic impoſito Tubo, An. 1683. Apr. 4. Veſp. Meipſum 
obſervationibus omni diligentia peragendis accinxi, nec fruſtra quidem - 
Etenim, cœlo admodim ſereno, omnes quatuor Satellites, per Tubum 
Lentium Convexarum, conſpexi, & eorum infra ſcriptas, a Limbo Jovis, 
cuique remotiori, Diſtantias dimenſus ſum; ſcil. 
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3 985 iterum —988 

2 628 636 

1 425 427 ; 

4 8 276, Altitudo Jovis Quadrante fere bipedali capta 
249—00'. Ergo hora apparens Derbiæ 8h 26' p. m. & tunc 4 Satelles 1 in- 


fra lineam utrinque per extimos Satellites, apparutt ; z fed vix plenam, ni 


fallor, Semidiametrum. 

Jovis Diameter, identidem repetitis obſervationibus, reperta 133 Semi- 
diameter ergo 665, quæ obſervatis ſublata Diſtantiis, fient interftitia i inter 
Centrum Jovis & Comitis Primi, 360; Secundi, 569 ; Tertii, 921, arti, 


205 3 quibus per 66z diviſis, prodibunt viſæ Elongationes 2 a centro Jovis, 


in ipſius Semidiametris, 


. : OG 
1 | 5 25 | Motus Satellitum a Fove &| 1] 9g 4 52| 4 59 
2 | 8 33 | Remotiones apparentes ſe- 2 2 22 47 | 7 57 | 
3 | 13 51 | cundum 28 Tabulas, Derbiæ | 3 | 2 20 26 | 12 48 | 
4 3 5 | reductas, fuere; 1414 23 49] 2 29 


4 


Defecit ergo Satelles Primus, 1 tantum 3 Secundus 3 ; » Tertius 12; Scru- 


pulis Semidiametri ſexagenariis ſumma Elongatione, quos propterea fi ob- 
ſervatis addamus, fient extremæ Digreſſiones, 1 


. . d. 
Prim, | 5 5 | Attamen D. Townleius, | 5 31 
Secundi, 8 ” ys 4 8 | ut in Schedis aliquibus 8 47 | 
Tertii, | 14 8 13 | reperio, 13 28 f 


Commoda rurſus præviſa dari opportunitas Apr. 1 1. veſperi: quamo- 
brem, cum non ab uno aut altero Experimento diſtantias has duxerim defini- 
endas, habitis tunc etiam Obſervationibus, ulterius mecum inquirere inſtitui; 
quas cum primum auſpicabar, Cœlum circa ov m raris adeo nubibus tectum 
erat, ut ſubobſcurius non niſi aliquando Satellites potuerim conſpicere; quorum 
tamen à limbo Jovis remotiori, ut tulit aer, cepi diſtantias; nimirum, 


Hor 75 P. m. 3 947 iterum 932 
2 628 ——— 614 
I 405. Facto tamen Cœlo protinus * votum ſereno, 
accuratius notavi, | 


3 94/ 
3: $22 
1 405 
942. Iterum 9575 ve. 24 OO,; ergo hora apparens 7h 36“. 


Satelles Quartus paulo 3 lineam, per Primum & Secundum ductam, 


F ff 2 - apparult 3 
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apparuit z Tertius infra eam, ſed & aliquando exiſtimayi in ea. Jovis capta 
diameter 132, Semidiameter ergo 66, obſervatis quæ ſubdutta Diſtantiis 
interſtitium dabit inter centrum Fovis & Primi, 339, Secundi, 356; Tertii, 
881; Parti, 891 quibus Ggillatim per 66 diviſis, prodeunt Elongationes 
apparentes à centro Jovis in Semidiametris ejuſdem, Primi. quidem gſd 8“; 

Secundi, 8d 25“; Tertii, 13ſd 21“ Quarti 13ſd 30. 
Satellitum Motus Medii a Pleni-Mediceis, cum Diſtantiis eorum a Centro 
Ts . Fovis, ſecundum numeros tuos fuere, ut in 
Id. hac tabellula exarantur. Unde videre eſt, 


8 
18 15 35] 4 50] Primum a ſumma Elongatione abeſſe ſcrupulos 
2] 2 10 59] 7 34 Semidiametri 10“; Secundum, 26“; Tertium, 
13] 2 12 212 22 38'; quos propterea ſi obſervatis Elongationi- 
410 25 $113 15] bus adjiciamus, fient maxime hinc deducendæ 
V Digreſſiones, 5 | 

Primi 5 18 

Secundi 8 51 1 . | 

Tertii | 13 59 | perpartim ab 1is, quas obſervationibus noctis Quartz 


deduximus, diſſentientes. | 5 
His tamen utriſque vicibus Intimus Satelles ad lævam, Secundus & Ter- 
tius ad dextram, a Fove apparuere; ſed Apr. 15. veſp. Tertium a ſiniſtra, in 
maxima Elongatione appariturum prævidi, cui propterea Phænomeno invi- 
gilare operæ fore pretium duxi, nimirum ut perſpicerem, num eadem eſſet e- 
juſdem Satellitis ad manum utramque à centro Jovis, ſumma Remotio. Cœlum 
nocte obſervationi antedicta ſudum erat; ſic pro voto obſervavi circa hor. 7, 
Tertii Diſtantiam 935; & Jovis Diam. 131. Jovis ergo Semidiameter 56%, 
obſervatæ qua ſubductà Diſtantiæ, fit interſtitium inter centrum Jovis & Sa- 
fellitem, 889 ; quod per eandem Semidiametrum diviſum viſibilem dat Elon- 
gationem Comitis à Centro Jovis in Semidiametris ipſius 131d 35”, Motus Sa- 
tellitis medius erat 30 049 9“. Locus Jovis verus 10˙ 27“. Ergo Planeta à 
Pleni-Mediceo qi 30 42“ aberat, a ſumma Elongatione tantum ſcrupulos 3; 
quos {i obſervatæ digreſſioni 1314 35” adjiciamus, fiet max ima ad Siniſtram 
hac vice 13ſd 38” parte nimirum tertia Semidiametri minor quam ad Dex- 
tram, bis conſpirantibus notis, obſervavimus: Quod mihi videtur innuere, 
| eſſe aliquam Centri Orbitz hujus Planetæ a Centro Jovis Eccentricitatem. 
4% Tyftrument 2. The Little Circle in the Middle repreſents the Planet Jupiler, the four 
by —_ Concentrick Circles, the proper Orbits of his four Satellites, duly propor- 
Jupiter's Satelli- tioned to the Breadth of his Body; the Diſtances betwixt the parallel Lines 
N 14 interſecting them, being each equal to one of his Semidiameters. 
| Flamſtzed. „. The 4 divided Circles next without theſe, are diſtinguiſhed into ſo many 
278. p. 1262. LEA , 3 
Dec. An. x685. parts as there are days and hours in each Satellite's Revolution; the inner- 
Fg.142 moſt of them ſerving for the fir t or innermoſt Satellite; that next it, for the 
2d ; that next without this for the 3d; and outermoſt for the 4th-; above 
which is a ſmall divided Arch of 15 Degrees. | 
By this to find the Diſtances of the Satellites from “ Axis to a propoſed 
Time. | | 3 
1. Find 


4%) . 
1. Find the Parallax of Fupiter's Orb to the Time propoſed, and note 
whether it be to be added or ſubtracted. 


2. Extend the Thread from the Center of the In/?rument over the Paral- 
lax numbred in the ſmall Arch; it cuts off in the four divided Circles, fo 


many Hours as each Satellite ſpends in paſſing from the Axis of the Shadow 
to the Axis of X viewed from our Earth; theſe I call the ſimple parallac- 
tick Intervals, which if the Parallax was to be added, are alſo Additional, if 


to be ſubtracted, Subductive. wo 
3. To theſe parallactick Intervals add the Times of half the Duration of 
the Eclipſe of each Satellite, which for the 1/7 may be aſſumed 1h 10“; 


for the 2d. 1h 30”, (greater Exactneſs being needleſs ;) but for the 3d and 
4th when Eclipſed, (cheir Immerſion into the Shadow and Emer/ion from 
it be.ng commonly given in the Catalogues) take half the Difference of 
theſe Times at the next Eclip/e to the Time propoſed for half the Duration, 
and add them to the ſimple parallactict Intervals, fo have you them aug- 
mented. But as often as the 4th Satellite is not Eclipſed, (which is two 
Years in every ſix) its Interval needs no Augmentation. 8 5 

4. Find in the Tables the Times of the Eclipſes of each Satellite next pre- 
ceding the Time propoſed, and when the 4th is not eclipſed, of its paſſing 


the Axis of the Shadow ; to which if the parallaFick Intervals augmented 
were Additional, add them to, if Subductive, ſubtract them from, each 
the Time of its proper Satellite*s. Eclipſe ; ſo have you very near the appa- 
rent Times when each Satellite laſt paſt over the Axis of wy viewed from 


our Earth. ES. 


5. Subtract each of the Times thus got from the Time propoſed, the 


Remainders are the Intervals of the Motion of each Satellite from s Axis. 


6. Extend the Thread from the Center, over each of theſe Intervals of 
Motion numbred ſeverally in the divided Circles, belonging each to its pro- 


per Satellite; where it cuts the proper Orbit of that Satellite, whoſe Inter- 


val was numbred in its peculiar Circle, it ſhews amongſt the Parallels how 
many Semidiameters of & that Satellite is diſtant from him, and on which 


ſide of him tis poſited. | | 
Note further, that the Thread as it lay extended over the Parallax of 


the Orb numbred in the ſmall Arch, where it cut the ſeveral proper Orbits 


of each Satellite, ſhewed amongſt the Parallels, how many Semidiameters 
of M the Center of the Shadow was diſtant from the Center of u, viewed 


from our Earth: And that if the Parallax of the Orb were Additional, 


the Shadow lies on the Right-hand from V, if Subductive, on the Left. 
To explain theſe Precepts, I ſhall give two brief Examples. Let it be 


then propoſed to know, how far each Satellite appears diſtant from V'on the 


26th of Dec. this preſent Year 1685, at 6b 32“ p.m. when the Third Satel- 


lite falls into the Shadow 3.alſo on Jul. 16, 1686. at 10h OO F. n. when. 


there is no Eclipſe, . 


An. 1685, 


Yig. 143: 


20“ Additional; 


as 1685, December 26d 16b 52' p. n. the Parallax of the Orb is 90 


* 


Therefore 
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| Times of laſt paſſing 
Subtracted from 


Intervals add. 


| The half Durations of | 


the Eclipjes e. to be ad- 
ded 


— 


— 
1 2 


The Simple Parallafick| 


1040 


— 


© 2 10 


1 30 


| © IO 201 


oO 0 Of 


The "Parallafich n 
vals augmented 


Laſt Immer ſions, and d. 
Dec. 


8 1 15 


— 


1 340 
[ 
*5 937 


Fupiter's Axis, Dec. — 


the 
Time propoſed. Dec. 


Leaves the Intervals if 
Motion. 
Over which, numbred 
in their peculiar Cir- 
cles, the Thread be- 
ing ſeverally laid, 
cuts the proper Orbit 
of each at their vi- 
ible 


8 


Jupiter — 


25 11 52 
26 16 52 


Diſtances from 


— 


28 8 47 


25 9 27|1 


26 16 52 


3 


58110 oo 30. 


26 16 52 


O 10 20 


IO 10 50 


—— 


1 8 oof 1 


. 
5. dext. 


6— — 


7 25 


62. ſin. 


id. 


4 


2. dext. 


8 6 4 


fd. 
4F. dext. 


Again, 


PP ˙ '̃.⏑ᷣ—·˙¹ẽ¹i⅛e 
D 4 * n 828 3 * f 
oe IE c ; 


46' Subductive. Hence 


as. 
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Again, An. 1686, Jul. 16, 10h p. m. the Parallax of the Orb is 102 Pg. 148 


W „ —— 


1 2 3 4 
- TLICHK FELL TECH 1 
The Simple Parallacticꝶ 
Intervals Sub. ——]| o 112] 0 2 35] o 5 10] o 12 00 
Half Duration of the 
Eclipſes add. o 1 10] © 1 30] 0 1 21]— — — 
The Parallactict Inter- | | 
| vals augmented. =——| o 2 22] 0 4 5 O 6 31] © 12 00 
| The next laſt Emerſi- | 
ons, and paſſing the 
Axis of the Shadow, = 
2a. 7 8 15 5 55115 22 20715 9 1975 17 52 
| The Time of laſt paſ- 
'} fing the viſible Axis 
of Jupiter —— —|15 3 33115 17 57's 2 48115 5 52 
The Time propoſed — 16 10 0016 10 00416 10 0016 10 oof 
The Inter vals "of Ne. | 
lion — , 7 3217 4 $3 
Therefore Diſtan. from | ſd. ſd. ſd. ſd. 
| Jupiter's Axis 22 Dext. 25 Sin, I. * Sin. |[10Z, Sin. | 


And he Satellites fand at the two EY Times 

ures. 
” In drawing of which, tho I have conſidered their Latitudes from the Line 
of their utmoſt Elongations paſſing thro! Jupiler's Center; yet I give no 
Rules for determining it, the contrivances and directions neceſſary on that 
Account, being too many and troubleſome to be inſerted here: my deſign 
is only to ſhew the ingenious Obſerver, how to find at what Diſtance from 
each Satellite appears, that ſo he may not miſtake one for another when 


he is to obſerve any of their Eclipſes. 


XC. 1. An. 1688, The French Aſtronomers have = theſe Obſervations 


by a 14 Foot Teleſcope. 


Otlob. 7. ich 32“ p. n. The H W Satellite (called Pallas) entred upo 
bh Face of Jupiter. 


Octob. 8, 


as in the two Fi- 


rage and 
Places of the 
Satellites of 
Jupiter ober- 
ved at Paris; 
N by. 

v. 44 2. 89a. 
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024, 8. 8b 11.“ The Second Satellite (called Juno) went out behind 


Jupiter. | | 
O#ftob. 9. 8h 54'. The Second Satellite went out from the Face of Ju- 
iter. 
5 Octob. 16. 10h 4. The Second Satellite entred upon the Face of Ju- 
iter. CT 
1 OF. 22. 10h 41 33“. The Hirſt Satellite entred into the Shadow of 
upiter. 5 5 . 25 
O#ob. 23. 8h 32', The Firſt Satellite entred upon the Face of Ju- 
iter. | EE. 
a Nov. 12. 10h 40“. The Second Satellite entred into the Shadow of 
Jupiter. | 


Nov. 20. ah 38' 30“. After Midnight, the Third Satellite (called The- 
mis) entred into the Shadow of Jupiter. N 5 
1 Dantzick; 2. Cum An. 1671. die 25. Sept. ſt. n. mane ex condicto D. Caſſinus 
. . Hereli- Pariſiis, & D. Picard Uraniburgi ſuſcepiſſent ad Occultationem Primi Jo- 
30g. wialium attendere, volui haud minus ego huic Phænomeno diligenter invi- 
gilare. Itaq; Hor. 4. 27. ubi primùm Jupiter emicuit, deprehendi adhuc 
Foviales omnes adeſſe, tres ic. a læva, & unum ad dextram. Duo illi pro- 
pinquiores ad ſiniſtram haud procul videbantur a Limbo Jovis, non minus 
ille qui ad dextram apparebat, aliorum Comitum minimus. Ad quintam 
uſque & 7“ ferè, omnes quatuor (utut Cœlum jam liveſceret) diſtinctè ap- 
parebant. Præter tamen omnem ſpem, Hor. 5. 12“. videbatur mihi pro- 
pinquior ille Comes ad lævam (reſpectu Tubi mei, qui inverſo ordine ob- 
jecta exhibet) penitus evaneſcere, remanentibus illis tribus, quanquam ille 
dexterior magis magiſque etiam ad Jovem accedebat. An plane momen- 
tum ipſum temporis id fuerit [mmer/ionis illius Comitis, vix auſim adeo cer- 
td affirmare; nihilominus tardius non incidit illa Occultatio; ſed anne unico 
minuto ferè, adhuc citius forte, ingruerit, facilè conceſſerim. 


— 


2» — — 


Diſtantiæ Temp. cor- 


Pec. Horol. | Obſervationes. S Altitu- |ref, j 
amb. mane. di 
| | Ines. | 


h.“ ö : ; PS | 1 
. 3 


bk 85 h. 5 
4 36 25 Jupiler primum conſpectus — —— |— — —| 4 32 
15 7 25 Altitudo Procyoni. —— ——— [34 43 o| 5 
5 16 35 Primus FJovialium evanuit g:! — — —| 5 

5 26 5 !Altitudo Procyon  \}6 39 0 5; 23 2 


— 


© 
7 
O 
/ 


r 


wit Derby; ) 3. An. 1674. Feb. 17. h 25˙ p.m, Alt. V erat 15% 64“. At 8h 59“ 

— P. m. vel forſan 1. min. maturius, Satelles Primus ad dextram Vis, in ipſius 

Umbram incidit, adeo tamen evaneſcentis exigua erat a Limbo Diſtantia, 
ut quanta fuerit dijudicare non potuerim. 


Mart. 
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Mar. 19d. 6h 45”. A, Jov. 292 35', Satelles Primus ad Limbum Jovis 5, 4. 
gt 0") I; cui 7h 51“. junge batur. 

. A). 15. * 43“. veſp. Alt. #, 252 oo“. Satelles Primus mox v. 96-p. C095; 
Jovemà tergo ſubiturus + circiter diametri a Limbo ejus apparuit. 

8h 6“. Alt, # 279 20”, ſubivit Jovem. Alt. Fove 27% 26', certe non 
conſpiciebatur. 

& Ju ©. . n.) 1675. ante mediam noctem, hora fell 11, & 16. Se- 4 TnL, 
cundis preciſe, Secundus Jovis Satelles egredi incipiebat ex Planetæ hujus, a. 17. . 30; 
qui ipſum obſcuraverat, umbra. 

5. An. 1679. Fun. 5. ſt. n. gt» n. I diſcovered 3 Satellites of Jupiter ee 
The Firſt was Aiſtanc Weſtward of the Limb of Jupiler, a little leſs than a p. 33. | 
Diameter; the Second was diſtant, on the Eaſt-ſide, a little more than af XIV. #- 


Diameter. The Third was more Eaſtward than the Second, by iomewhat 
leſs than a Diameter of Jupiter. 


n Let A he the Sun, B Jupter, 0 the Fir/t Satellite of * The Equation of 
which enters into the Shadow of Jupiter, to come out of it at D; and let Light ; by M. 
EE GHL K be the Earth placed at divers Diſtances from Jupiter. 3 19% 

Now ſuppoſe the Earth, being in L towards the 24 Quadrature of 7upitur, Eg. 145. 
hath ſeen the Fir. Satellite at the Time of its Emer/i ion, Or iſſuing out of the Je, Au- 1677+ 
Shadow, in D; and that about 42z Hours after (viz. after one Revolution 
of chis Satellite) the Earth being! in K, doth ſee it returned in D; it is mani- 
feſt, that if the Light require time to traverſe the Internal LK, the Satellite 
will be ſeen returned later in D, than it would have been if the Earth had 
remained in L; ſo that the Revolution of this Satellite being thus obſerved 
by the Emerſious, will be retarded by ſo much time as the Light ſhall have 
taken in paſſing from L toK ; and that on the contrary, in the other Qua- 
drature FG, where the Zarth by approaching goes to meet the Light, the 
Revolutions of the Emer/ions will appear to be ſhortened by fo much, as thoſe 
of the Emer/ions had appeared to be lengthened. 

This new £9quation of the Motion of Light, which hath been eſtabliſhed 
by the Royal Academy, and in the Obhervator; for the ſpace of 8 Years, was Tye Toop of 
confirmed by the Emer/ion of the Tit Satellite obſerv'd at Paris 16 70. Nov. „ 
9. Sh 35“ 45%, at Night, 10“ later than it was expected by deducing it from Caf. M 
thoſe that had been obſerved in che Month of Augy/t, when the Farth . 


Sept. An. 1676 
much nearer to Jupiter. | ; a 


M. Caſſini's 
Tables, for the 


XCII 2. M. Caſſini, having formed a new Hypotheſis for the Satellites of = pk. ian 
Jupiter, different from that of Galileo, thinks that the Plane of their Orbs is 3; i. 
inclined to the Plane of the Zcliptick : He ſettles their Nodes with the Orls of duced to the 


Jupiter towards the 139 of Leo and Aquari ins and finds that the Obliquity Pridionef 


of their Circles to the Orbit of 7ypiter is almoſt double to the Obliquity 5 
this Orbit to the Ecliplick. Halley. 


n. 21. p. 228, 


2. M. Caſſini, in the laſt Treatiſe of a Book, Entitubd. Necuil PObſer- Nov. an. 1654 
vations faites en "yp jeurs Voyages, &c. has employed his Skill, to make eaſy 
Vol, I. 1 8 8 LL the 
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the Calculation of the Eclipſes of the Firſt Satellite of Jupiter, which is other- 
wiſe operoſe even to the skilful, The Tables have for Principles, that this 
Satellite revolves to the Sun in 14 18h 28“ 36“, fo preciſely, that in 100 
Years the Difference is not ſenſible : That in the Time of the Revolution of 
Jupiter to his Aphelion, which he ſuppoſes in 43324 14h 52' 48“, this Satel- 
lite makes exactly 2448 Months or Revolutions to the Sn; and dividing 
the Orbit of Jupiter into 2448 parts, he has in a large Table of Zquatio; 
ſhewn what is the Inequality of the Motion of Jupiter in each Revolution re- 
duced to time; aſſuming, Thirdly, the greateſt Equation of Fupiter 59 32* 


40“. whence the hourly Motion of the Satellite from Jupiter being 89 2847, 


it follows that the greateſt Inequality (Jupiter paſſing the Signs of Cancer 
and Capricorn) amounts to 39“ 8” of Time, to be added in Cancer, ſub- 
tracted in Capricorn. Laſily, as to the Epocha, or beginning of this Series 


of Revolutions, he has determined the Aphelion of Jupiter about 11 Degree 


forwarder than Aſtronomia Carolina, and above two Degrees more than the 
Rudolphine Tables, viz. preciſely in 9® of Libra, in the begining of thisCen- 
tury 3 which perhaps he finds the proper Motion of Jupiter about the Sun 
at this Time to require: and the Number of Revolutions, ſince Jupiter was 
laſt in Peribelio, is here ſtiled Num, I. 

A ſecond Inequality is that which depends on the Diſtance of the Sun 
from Jupiter, which he ſays Mr. Romer did moſt ingeniouſly explain by the 
Hypotheſis of the Motion of Light; to which yet Calſini by his manner of 
Calculus ſeems not to aſſent, tho it be hard to imagine how the ZEartb's Po- 
ſition in reſpect of Jupiter ſhould any way affect the Motion of the Satellites. 
This Inequality he makes to amount to two Degrees in the Satellites Motion, 
or 14 10” of Time; wherein he ſuppoſes the Eclipſes to happen ſo much 


| ſooner when Jupiter oppoſes the Sun, than when he is in Conjunction with 


him. The Diſtribution of this Inequality he makes wholly to depend on 
the Angle at the Sun between the Earth and Jupiter, without any Regard 


to the Excentricity of Fupiter, (who is ſometimes Z a Semidiameter of the 


Earth's Orb farther from the Sun than at other times) which would occa- 
ſion a much greater Difference than the Inequality of Jupiter and the Earih”s 
Motion; both of which are accounted for in theſe Tables with great Skill 


and Addreſs. But what is moſt ſtrange, he affirms that the ſame Inequa- 


lity of two Degrees in the Motion, is likewiſe found in the other Satellites, 


requiring a much greater Time; as above two Hours in the 4th Satellite: 


 whichif it appeared by Obſervation would overthrow M. Komer's Hypo- 


theſis entirely. Yet I doubt not herein to make it demonſtratively plain, 
that the Hypotheſis of the Progreſſive Motion of Light is found. in all the 


other Satellites of Jupiter to be neceſſary, and that it is the ſame in all; there 


being nothing near ſo great an Annual Inequality. as M. Caſſini ſuppoſes in 
their Motions, by his Table, p. 9. and his Precepta Calculi. The Method 


however uſed to compute this, is very curious; for having found that whilſt 


the Sun revolves to Jupiter there paſs 398d 21h 13“, wherein are made 


225 Revolutions of the Sazellite to Jupiter, the Number of Revolutions 


2 ſince 


„ 
ſince Jupiter was laſt in Oppoſition to the Sun, is what he calls . II. in 
which the Inequality of the Earib's Motion is allowed for in the Months, 


and that of Jupiter s Orb by a Table of the Equation of Num. II. amoun- 


ting in all to 32 Revolutions of the Satellite to Jupiter. This in the Tables 
following I have thought fit to leave out, ſhewing how to find it by the 
help of the former Equation of Num. I. The Numbers are in effect the 


ſame with M. Calſini's, only reduced to our Style and Meridian, and the 
form of them abridged, and, *tis hoped, amended, 


Ggg 2 Epoche 


1 
9 
j 
] 
| 


ä 
Epoch Revolutionum Primi Satellitis ad Jovis Umbram — 
b Meridiano Londinenſi. | 


Anno | | > | > 
Jul. 8 5 
Curr. 2 — 
| d. "I FE N 
166000 11 5 48 568 200 © 
1661 0.17 2411174] 101 2 
1602 9 57 3611381] 162 2 


j116631 00 9 1211587] 143 5 

8 49 2411794] 125 1 

16650 23 1 002000 105 7 

16660 13 12 362206 86 4 

| 2667 3 24 12]2412| 67 © 
| 1668 


d 
O 
O 
I 
I 
16641 
O 
O 
O 
O 
O 


1669 
16701 

116711 
167211 
1673 O 23 59 36 1203 179 1 
1674 G | 


— . 


1675 O 4 22 48 1615 140 3 
1676 O 13 3 OO 1822 121 9 
16770 3 14 36]2028| 102 5 
1678 { 1% 3+ 48 2235 | 84 1 
167911 2 6 24 2441 64 7 


1680 1 10 46 360 200 46 4 
| - 1681]1 00 58 12| 406] 27 O 
| 16820 15 9 48] 612] 76 
1683]o 5 21 24| 818] 213 6 
168440 14 1 3601025] 195 3| 
168;]o 4 13 1211231\ 175 9 

1686]1 12 53 2411438] 157 5 
16871 3 5 001644 138 1 
1688] 1 11 45 12118811 119 7 
1689] 1 1 56 4812037 100 4 


- 


— 
— 


— 205 I 


Epoche. 


G 


Epoche Revolutionum Primi Satellitis ad Jovis Umbran: 
ſub Meridiano Londinenſi. 


— cre 


Anno = _ 
Jul. Q Q 
| Curr. — | — 


N 

1690 lo 
1691 [o 6 20 oo 21 61 6 
1692 o 

| 1693 o 

1694 [I 


| 1695 8 4 3 36] 847] 2115 
1696 |1 12 43 48[1054] 193 1 
1697 [1 2 55 24|1260| 173 7 
1698 [o 17 7 oo[1466] 154 4 
1699 [o 7 18 36[1672] 135 © 
1700 jo 15 58-48[1879] 116 | 
1701 jo 6 10 24[2085] 97 3 
1702 [I 14 50 36[2292] 78 9 
2703 3* 53. : 191 503+ 29-5 

11704 [1 13 42 24 2571 41 1 
1705 1 354 wy 403] 218 
1706 [o 18 5 36 669 2 4 
1707 ſo 8 17 12| 875] 208 4 
1708 jo 16 57 24|1082| 190 © 

oO 7 9 ooſ[1288|] 170 6 


33S 6. 5 \ 0 


— — „ 


1710 JI 15 49 1214931 152 3 
1711 |x 6 oo 481701 132 9 
1712 [1 14 41 001908 114 5 
1713 [1 4 52 3621144 95 1 
1714 [o 19 4 122320] 75 8 

| 1715 ſo 9 15 48] 78] 56 4 
1716 Jo 17 56 oo] 2851 38 of 
1717 ſo 8 7 36| 491] 18 6] 

| 1718 [1 16 47 48 698 O 3 

| 1719 [1 59 24| 904] 206 34 


E _1720 j1 15 39 30 11111 187 21 | 
3 Tabula 


(64149 


Jah-, Revolutionum Primi Satel! 


— tr. Mis. . m ** 


itis Jovis in Anno. 


| Fanuarits, | | 5 E. Martius. | yo | : 
. . 5 
e O © 1 i4 12 $44 34-134 8 
1 18 28 30 1 8 2 12 41 00 35 35 8 
C 2 1. VV 
5-77.25 4%Þ. $:1-8 0 11 38 12137 [37 9 
7 15424] 4 [41 _8$ 6 6 48] 38 |38 9 
8 20 23 00 5 5 2 10 OO 35 24| 39 |39 9 
10 14 51: % 6.1. 6'2 11 19 4 00 40 409 
12 9 20124 ˙ 7 13 13 32 36 41 [41 9 
14 3 4 43] $48; 2 15 8 112] 42 | 42 9 
x5 22 17:24: 4-128]. eee 
17 16 46 00 70 [10 3 18 20 58 24| 44 |44 9 
19 11 14 36] 11 [11 3 20 15 27 00 45 [45 9 
21 5 43 1212 {22 4 22 9 55 36 46 46 9 
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Tabula Revolutionum Primi Satellitis Jovis in Anno. 
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N. I. guat. 
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Tabula Secunde Agquationis Conjunctionum Primi Satellitis cum Jove. 
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Primi Satellit 


WE 


is in Umbra Jovis 


h. 4 11 
. 
4 
4 3 
14 
„ 
3 
„ 
13 4 
„5 
1 
. 
B 
1 3 
5 1 
„5 
1 6 10 
1 6 28 ö 
1 6 45 
1 6 57 
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1 7 14 
1 
1 
5 
1 6 49 
x 6 3% 
x-6 6 
1 
3 
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From-theſe Tables, to any given Year, Month and Day, 1 find the next Eclirſe- 
of the Firſt Satellite of Jupiter, proceed thus. An | 

1. In the Table of the Epochæ find the Year of our Lord, and ſet down 
the Day, Hours, Minutes and Seconds, with Num. I. and Num. II, thereto 
annex'd; and in the Table of Revolutions, ſeek the Month, and Day of 
the Month, with the Hours and Minutes, and Num. I. and Num. II. affix d. 
and add them together; and the reſpective Sums ſhall ſhew the mean Time 
of the middle of the Eclipſe fought, with Nam. I. and Num, II. required. But 
it muſt be obſerved, that in Jan. and Feb. in the Leap Near, one Day is to 
be added to the Day thus found. 4 Z 
2. If Num. I. be found leſs than 1224, with Num. I. or if greater 
than 2448, ſubtracting 2448 therefrom, with the Reſidue enter the Table, 
and you will have the firſt Equation to be added to the mean Time before 
found. But if Num. I. be leſs than 2448, but greater than 1224, ſubtract 
it from 2448, and entring the ſame Table with the Remainder, you ſhall 
have the firſt Equation to be ſubtracted from the mean Time. Then di- 

vide the Minutes of the ſaid firſt Equation by 11, or rather , and the 
Quote ſhall be the Æquation of Num. II. (anſwering to the Eccentrick Mo- 
tion of Jupiter) to be added. thereto when the firſt Equation ſubtracts, and 
contra ſubtracted when that adds. | 


3. If Num. II. thus æquated exceed 225,4, ſubtract 225,4 there- 
from; and if the Remainder or Num. II. be leſs than 113, with the faid 

Remainder or Number; or if greater than 113, with the Complementthere- 
of to 223, 4, ſeek in the Table the ſecond Equation which being added 
to the Time before found, gives the true Time of the middle of the 
Eclipſe. | : | 4 I LS 8 9 5 

With Num, I. ſeek the half Continuance of the Total Eclipſt, which 
is to be added for the Emerſion, when the æquated Num. II. is leſs than 
113, or if more than 225, 4, it be leſs than 338. But if it exceed 113, or 
338, then is the Semimora to be ſubtracted for the Iumer fon. 

5, Laſtly, With the Suns true Place take out the Æquation of Natural 
Days, which added or ſubtracted according to the Title, gives the Time 
of the Immerſion or Emer ſion ſought. va 


2 


No how few Figures ſerve for this Computation, will beſt appear by 
an Example. 1 
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An. 1677. Sept. 17 8b g' 40“ at Greenwich, Mr. Flamſtecd obſerved th 
firſt Satellite to begin to emerge; that is 8h 9“ 26”, at 2 6 


V 
. 0: s 2028 102, 5 
Sept. 17 4 4 12 147 145, 5 


R h 24H, 6 
Aquat, 1, — „%% ˖˖ a. be. 


LEquat.2, 17 6 52 37 . 
0 29 225. 4 
Semmora L 1 7 O0 24, 9 


Egual Time 17 1. 1 16 11] 20, 27/2, 2 
| Equation | 5 0 9 25 © in go, oO | 
Apparent T. 17 8 10 41 

Obſerv. © 9 - q $0: 

Error. | 4 * 


An Immerſion of this Satellite being computed after the ſame manner ac-- 
cording to theſe Tables, ought to have happened, An. 1683. Nov. 30. 
16h 52' 7”; but I obſerv'd it at 16h 48' 40“, ſo that the Error was, 
Again, M. Caſſini obſerved an Emerſion at Paris, An. 1693. Jan. 14d 10h 
40' 28” ; that is, at London 10h 30“ 48”, which theſe Tables give at 10h 
30' 39“; and therefore the Error was no more than + 9”. 
After this manner I have compared theſe Tables with many good and 
certain Qbſervations, and ſcarce ever find them err above 3 or 4 Minutes 
of Time; which Errors are exceeding ſmall in compariſon of the ſhort 
Time that the Satellites have been diſcover'd. | 
In the Conſtruction of the Table, which ſhews the half Continuance of 
theſe Eclipſes, the Semidiameter of the Shadow of Jupiter is made by Caſſini 
juſt 10 Deg. and that of the Satellite 3o' ; and the Satellite*s aſcending Node 
being ſuppoſed in 13 of Aguarius, at the end of this Century (that is 559 
20 before the Peribelion of Jupiter) it will thence follow, that Num. I. be- 
ing 116, or 2102, Jupiler paſſes the Nodes of the Satellites Orb, and conſe- 
quently. theſe Eclipſes are Central, and of the greateſt Duration, But 
Num. I. being 215, or 1481, the Satellite paſſes the Shadow with the great- 
eſt Obliquity, viz. 2 55” from the Center; whence the Semimora becomes 
of all the ſhorteſt. wx ET 8 
3. The Tables of the other three Satellites not being ſa perfect or exact f the other 3 
as thoſe of the firſt, are here given in another Form. The Periods of 77. 
their Revolutions to Jupiter's Shade are as follows, 5 
eriod. 
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M. Romer's 


quation of 


Light Defended. 
16:4. p. 254. 
Vid, Sup. 


141422) 

: . ; d. h. / 0 "1 Ro 
Period, Secundi 3 13 17 64 3 five 244 Rev. Primi. 

Period. Tertii 7 % 0 % a 44+ Mov; Erant. 
Period. Quarti 16 18 5 6 50 ſive 94} Rev. Primi. 


Whence the Table of the Firſt Æquation of theFir/# Satellite, or M. 
Calſini's larger Table, may by an eaſy Reduction ſerve the other three; the 
AÆquation of the 24 being 2 ,7, or twice the Minutes with half ſo many 
Seconds as there are Minutes in the Æquation of the Firſt, and the greateſt 
Agquation thereof 1h 18' 35”. AÆquation of the 3d is 4 , times greater 
than that of the Firſt, and when greateſt amounteth to 2b 29“. And the 
Xquation of the 4% being 9 FF times that of the Firſt, is had by ſubtrac- 


ting x and + from 10 times the Æquation of the Firſt, whence the greateſt 


becomes 6b 10, 28” : ſo that Num. I. and Num. II. as here collected for the 


Firſt, may indifferently ſerve all the reſt. TR, 

4. As to the Second Equation of the other Satellites, M. Caſſini has, by 
his Præcepta Calculi (as is before mentioned) ſuppoſed the Minutes thereof to 
be increaſed in the ſame Proportion, as inſtead of 14 10“ in the Firſt to be 


287 27“ in the Second, 57 22“ in the Third, and no leſs than 2h 14 7 


in the Fourth; whereas if this Second Inequality did proceed from the Suc- 
ceſſive Propagation of Light, this ÆEquation ought to be the ſame in all of 
them, which M. Caſſini ſays, was wanting to be ſhewn, to perfect M. Romer's 


Demonſtration: wherefore he has rejected it as ill founded. But there is a 


good Cauſe to believe, that his Motive thereto, is what he has thought not 


proper to diſcover. And the following Obſervations do ſufficiently ſupply 


the Defect complained of in the making out of that Hypotheſis. 


An. 1676, Oct. ſt. n. öh 10. 37”, App. but 5h 59“ 37“, Equal Time 3 


M. Caſſini at Paris obſerved the Emerſion of the 3d Satellite from Jupiter“ s 
Shadow. And again Nov. 14. following 6h 2o' 55”. App. Time, but 6h 
5' 55”, Eq. Time, he obſerved the like Emerſion of the ſame Satellite. The 


| obſerved Interval of Time between theſe Emer/jons was 43d oh 6' 18”, 


which is 8“ 22“ more than 6 Mean Revolutions of this Satellite, of which 
4 27“ ariſe from the Difference of the Firſt Equation, and the greater 
Continuance of the Latter Eclipſe; ſo that the other 4 Minutes is all that is 
left to anſwer for the Difference of the 2d Equations; and Num. II. in that 
Time increaſing from 48 to 72, gives 4 36” for the Difference of the 2d 
Equations of the Firſt Satellite. So that here the 2d Æquation of the Third 
is found rather leſs than that of the Firſt; but the Difference is ſo ſmall 


that it may rather be attributed to the Uncertainty of Obſervation: Where- 


as according to M. Caſſini's Method of Calculating, inſtead of four Mi- 
nutes it ought to be 187 38“, and the Interval of theſe two Emerſions 43d 
oh 21', exceeding the Time obſerved by a whole Quarter of an Hour; 
which that curious Obſerver could not be deceived in. 
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The like appears yet more evidently in the Fourth Satellite. By the Ob- 
fervations of Mr. Flamſteed at Greenwich, An. 1682. Sept. 24. 17h 46%, J. 
App. but 17h 32“, T. Eq. the Fourth Satellite was ſeen newly come out of 
the Shadow; ſo that about 17h 30“, T. Eg. the firſt beginning of Emer/ion 
was conjectured; and after 5 Revolutions, viz. Decemb. 17d 11h 16“ or 11h 
18˙, T. £9. he again obſerved the firſt Appearance of the Satellite beginning 
to Emerge, that is, after an Interval of 83d 17h 48“; whereas this Satellite 

makes five mean Revolutions in 834 18h 2;'z. Here we have 37'* tobe ac- 
counted for by the ſeveral Inequalities. Of thi; 21' is due to the firſt Æqua- 
tions, which is reduced to 19“ by the Greater Continuance of the latter Eclip/e, 
Jupiter then approaching to his Deſcending Node: So that there remains only 
18' f for the Difference of the 24 Equations, whilſt the Earth approached 
Jupiter, by more than the Radius of its own Orb: and the Difference of the 
2d Æquations of the Firſt Satellite, being according to Caſſini 8' 30“, the ſaid 
Difference in the Fourth ought to be 1h 20, inſtead of 18/2; whence the 
Interval of theſe two Emerſions would be, according to his Precepts, but 834 
16h 46“, inſtead of 83d 17h 48” obſerved. And whereas 182, may ſeem too 
great a Difference; it muſt be noted, firſt, that M. Romer had ſtated the 
whole 24 Aquation 22.00, which M. Caſſini has diminiſhed to 14 10“; 
ſo that inſtead of 8' f. M. Romer allows 13' ; and ſecondly, that in the firſt of 
theſe Obſervations, being about half an Hour before Sun-riſe, the Brightneſs 
of the Morning might well hinder the ſeeing of this ſmalleſt and ſloweſt 
Satellite, till ſuch time as a good part thereof was Emerged. 
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XCIII. Having a great deſire to obſerve the Body of Mars, whilſt T** Fhaſes and 
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Acronycal and Retrograde (having formerly with a Glaſs about 12 Foot long, Man che 1. 

obſery*d ſome kind of Spots in the Phaſe of it) tho it was not in the n 9 

helium of its Orb, but nearer its Aphelium ; yet J found that the Face of it, . 11. p. 139. 1 
© whennear its oppoſition to the Sun (with a Charge, the 36 Foot Glaſs, IIIa. An ?: 237" {7 
3 made uſe of, would well bear) appeared very near as big, as that of the | 
Moon to the naked Eye. if 
2 But ſuch had been the ill Diſpoſition of the Air for ſeveral Nights, that It 
E from more than 20 Obſervations of it, which I had made ſince its, being Re- 1 
E trograde, 1 could find nothing of Satisfaction, tho J often imagined I if 
4 ſaw Spots; yet the inflective Veins of the Air (if I may ſo call thole parts, j# 
E which being interſpers'd up and down in it, have a greater or leſs Refractive 
Power than the Air next adjoining, with which they are mix'd) did make it 


ſo confuſed and glaring, that I could not conclude upon any thing. 

On the 3d of Mar. ob 3o', 166 4, in the Morning, tho the Air was ſtill | 
bad enough, yet I could ſee now and then the Body of Mars, which I de- Fig. 146. 
ſcribed by the Scheme B, as exactly repreſenting what I ſaw thro the 
Glaſs, as I could. „ | 

An. 16E45, Mar. 10. ob 20', in the Morning, finding the Air very bad, I 
made uſe of a very ſhallow Eye-Glaſs, as finding nothing diſtinct with the 
greater Charge; and faw the Appearance of it as in C, which imagined might 
be therepreſentation of the former Spots by a leſſer Charge. About 3 of the Fs 147 


Clock 


. 
WWW 
RRR 


(4214) = 
Clock the ſame Morning, the Air being very bad (tho to appearance ex- 
ceeding clear, and cauſing all the Stars to twinkle, and the minute Stars to ap- 
pear very thick) the Body ſeemed like D; which! ſtill ſuppoſed to be the 
Repreſentation of the ſame Spots thro' a more confuſed and glaring Air. 
But obſerving Mar. 21, I was ſurprized to find the Air (tho not fo 
clear, as to the appearance of ſmall ſtars) ſo exceeding traſparent, and the 
Face of Mars ſo very well defined, and round and diſtinct, that I could ma- 
nifeſtly ſee it of the Shape in E, about half an Hour after 9 at Night. The 
Triangular Spot on the Right-ſide (as it was inverted by the Teleſcope) ac- 
cording to the appearances, thro? which all the preceding Figures are 
drawn, appeared very black and diſtinct, and the other towards the left more 
dim ; but both of them ſufficiently plain and defined. About a Quarter 
before 12 of the Clock the ſame Night, T'obſerved it again with the fame 
Glaſs, and found the Appearance exactly, as in F; which I imagined to 
ſhew me a Motion of the former Triangular Sper. 
Mar. 22. about half an Hour after 8 at Night, finding the ſame Spots 


Fig. 148. 


Fig. 149. 


15 Fig. 150. 


Eg. 151. in the ſame poſture (as in G) I concluded that the preceding Obſervation 
was only the Appearance of the ſame Spots at another Height and Thick- 
neſs of the Air; and thought myſelf confirmed in this Opinion, by finding 
them in much the ſame Poſture, Mar. 23. about half an Hour after 9 (as 
Fg. 152. in H) tho the Air was nothing ſo good as before. 
Mar. 28. about 3 of the Clock, the Air being light (in Weight) tho 
Fig: 353, moiſt and alittle hazy, I plainly ſaw it to have the Form repreſented in I; 


which is not reconcileable withrhe other appearances, unleſs we allow a Tur- 
binated Motion of Mars upon its Center: Which, if ſuch there be, from the 


Obſervations made Mar. 21, 22, and 23. we may gueſs it to be once or 


twice in about 24 Hours, unleſs it may have ſome kind of Librating 
Motion; which ſeems not ſo likely. Ih, 


The Parallax of XCIV. An. 1672. Sept. Micrometro & Tubo 14 pedum, Maris Diſtantias 


Mans 2 3 à duabus Fixis eadem Nocte dimenſus ſum; unde didici Parallaxin ejus Acro- 


n. 39. p.5118. nici & Perigei nunquam majorem eſſe Scrupulis Secundis 25“; unde ſequitur, 
v. 96. f. 6199 Solis eſſe ſummum 10“, & Diſtantiam 21000 Terre Semidiametros. 


1 * XCV. 1. An. 1672. Maii 14 mane, ibat Martis Sidus prope Stellam di- 
Darby ; by am, Quæ ad Clunes Aquarii, cujus Latitudo 2% o' oO”, Locus tum mihi. 
My Fla mſteed. | 


24% 12' 9” ; Streetio, 24% 9' oo”; è qua notabam 


N. 86. P- 5039 


0 7 | 
All Find vere 9 40 2b 29” mane, Martis in eodem 2 | ® | 
|  Azymutho præcise Diſtantiam f o 24 17 
11 12] Eandem denuo Diſtantiam — | © 24 24 
12 O0 2h 5;1', Planeta diſceſſerat ab 
| eodem Azymutiho, eratque ad? | - 
Otrtum à Linea, 4zym, Differ.$ | e 
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1 
2 h 29“. mane Angulus Parallacticus erat — — | 82 26 oo 


Ergo Mars in Conſequentia Tixæ 

cum majori Latitudine Auſtrali —— —— —— 00 24 4 
Martis propterea Latitudo — | 2 24 4 
| Strectio, . 24 12 17 
J &, | 24 15 40 


— — — ]oo 3 11 


Locus verus 


2. An. 1683. Die 3 Maii h 12', Mars Conjunctionem celebrabat cum 1 
k , 5 3 antzick ; 
penultima Stella Ale Aſtrinæ Virginis, quæ modo degit in 139 49“ 14“ by M. Heve- 
c. & Latit. 19 48 33“, Bor. ſic ut in ipſa Conjunctione vix ultra 40s. 5. 
Mars infra dictam Stel lam incederet. | 


XCVI. 1. M. Burattini hath ſignified from Poland, that he hath obſerved Sts bs Fame) 
| Inequalities in Jenus as in the Moon. ; 


2. 1 have at laſt diſcovered towards the Middle of the Body of Venus a 


part clearer than the reſt, by which one may judge of the Motion, or the 
Reſt of this Planer. | 


could not then ſee that reſplendent part long enough to conclude any thing 
from thence, nor was I able to ſee any thing well of thoſe parts till April 


28. 1667, on which Day a quarter of an Hour before Sun-rifing, I ſaw a- 
gain a bright part, ſituated near the Section, and diſtant from the Southern 


[1 


Horn a little more than 4 of its Diameter. And near the Eaſtern Ring I 
ſaw a dark and ſomewhat oblong Spot, which was nearer to the Northern 
than the Southern Horn. At the Riſing of the Sun, J perceived, that this 


bright part was then no more ſo near the Southern Horn, but diſtant from 
it 4 of its Diameter. This gave me great Satisfaction. But I was ſurpriſed 
at the ſame time to find, that the ſame Motion, which was made from 
* South to North in the Inferior part of the Disk, was on the contrary made 


from North to South in the Superior part; whence the Determination of 
the Motion may be better taken: For we have no Example of the like 
Motion, except it be in that of the Libration of the Moor. 


The next Day, at the Riſing of the Sun, the ſaid bright part was not far 


from the Section, and diſtant from the Southern Horn 3; of the Diameter. 
When the Sun was 4 Degrees high, the ſame was ſituated near the Section, 


remote from the Southern Horn 4 of the Diameter. The Sun being high 
69 10% it ſeemed to have paſſed the Center, and that the Section of the 


Diſk did cut the ſame. The Sun being 7? high, it appeared yet more ad- 
vanced Northward, together with two obſcure Spots ſeated between the Sec- 
tion and the Circumference, and equally diſtant from one another, and from 


each Horn on both Sides. And the Sky being very clear, I obſerved the Mo- 


tion of the bright part for 12h. which then ſeemed to be exactly made from 
South to North without any ſenſible Inclination Eaſtward or Weſtward. 
V ou, I. T11 Mean 


2 332. 


by M. Buiatti- 
ni. n. 10. p. 


The Rota t io 
| | | Venus ; by M. 
The firſt time I ſaw it, was Ob. 14. 1666. 5h 45', p.m. and then this F. Sg. nl ag 
bright part was very near the Center, on the North-ſide. And at the ſame *. 35- 2. 88. 


time I obſerv'd Weſtward two obſcure Spots, ſomewhat oblong ; but I 
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Mean time I perceived in the Motion of the dark Spots ſo great a Variation, 


that it cannot be aſcribed to any Reaſon in Opticks, 
May 10 and 13. Before Sun-Riſing, I ſaw till the bright part near the 
Center Northward. 
Laſtly, June 5 and 6. Before the Riſing of the Sun, I ſaw the ſame be- 
tween the Northern Horn and the Center of this Planet, and I noted the 
ſame irregular Variation in the obſcure Spots. But when Venus began to be 


farther removed from the Earth, it was more difficult to obſerve the Phæ- 
nomena. 


It is very difficult to determine any Thing of the Motion of theſe Spots : 


Yet this I can ſay (ſuppoſing that this bright part of Venus, which I have 
obſery*d, eſpecially this Year 1667, hath always been the ſame) that in leſs 
than one Day it abſolves its Motion, whether of Revolution or Libration, 


ſo as in near 23 Hours it returns to the ſame Situation in this Planet, which! 


Te happens not without ſome Irregularity. 


A Place of Ve- XCVII. An. 1683. Aug. 4. hork fere 2. m. Venusa Stella Fixa 3. Magni- 


nus, obſery'd at 


Dantzick; by bud. à Venire ſcil. Pollucis non niſi 16“, removebatur Auſtrum verſus; 1d quod 


"Im Hevelius. ex Micrometro accurate compert. 


n 164. J. 419+. 
_ 2853 | | e 9 2 
XCVIII. . N e 
Mercury obſerved Temp. Ho- Ob Y | * | | Tempora 
is theta, 1698} rol. Ofeil, e | ſupputats. 
by M. Jo. Phil. 5 | | | | 
beg 7. 3 pe DW bees $ 5 
e Di. Km A. 7 25 
6 32 oo| Culminat Os Pegaſ! - — — 6 28 45 
9 doo oo] Culm. Cap. Andromede oo — — — 18 52 17 
9 4 30 Culm. Jupiter — — 8 
Die 3 1 Oo, m. . 5 [EH : $ 


8 30 ooſò ol. è nubibus emerſit, Mercurius in 1 diſco ejus ſu- 
perne in Tab. obſervatoria, à Verticali ad dex- 
tram (revera ad Lævam) diſtans plus quam | 
Dim. Dig. a Limbo exiturus apparutf. 
8 36 oo Mercurius poſtquam Undulanti Limbo Solis ad 


Ratio Diametrorum Solis & Nuclei Mercuri, dum lucido Solis Diſco im- 
morabatur, quantum per auram hapd ſatis defæcatam conyici poterat, erat ut 
| 1000 
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Min. Temporis adhæſerat, exiit ad 14® A Ze-\ | | 


1 | 1 Septentrionem verſus E * 
8 49 oo[Altitudo Solis — | 10 | 8 38 38 
8 59 45 — — — — 11 10 8 47 48 

Y- 7 — — — — 112 10 8 56 24| 
50 OO — — — 16 28 9 38 7 3 
5 1 30 — 6653 23 31010 56 32 


= | T4907) # 
1000 ad 8. Poſtea quam ad Limbum Solis pervenerat, ejuſque Limbo Un- 
dulanti ad Minutum ferè adhæſitàrat, & genuinam Rotunditatem ſuam (qua: 


antea ex Luce Diſci Solaris formam quaſi ellipticam mentiebatur) recuperi- 
rat, erat ut 1000 ad 127. : 
XCIX. An. 1697. Nov. 3. ſt. n. 7h 25” cum Sol è nubibus emerſiſſet di- Mercury eb. 
recto ad ipſum, Teleſcopio Differentia Aſcenſionis Rectæ Centri Mert ur it hin. Nor. j mn 
Occidentalis & Centri Solis obſervata per Horologium fuit Hor. 1677 2 
—— 3 —— | 0 11 | ba ; 1 * 
Differentia Declinationis Mercurii Meridionalis fuit Grad. Eo 6 1 . 
dh 37. Differentia Aſcenſionis Rectæ Centrorum Mercuri 
Occidentalis & Solis fuit Hor. —— — —＋ 8 
Differentia Declinationis Grad. :.. — 6-444 


8h 8“ 38“. Margo Præcedens Mercurii pervenit ad Solis Marginem Præce- 
dentem. e | | 
8h 10“ 24”, Mercurius totus emerſit è Solis diſco, Teleſcopio pedum 18 
Ex his obſervationibus invicem comparatis, quantum ex hoc brevi inter- 
vallo inferri potuit, adventum Mercurii ad medium ipſius ſemitæ in Solis 
Diſco Trigonometrice deduxi 6h 11' 18“, poſt Meridiem. 

Nodum vero Aſcendentem Mercurii in S 149 42', adhuc promotiorem 
quam per obſervationes Anni 1677. 

I nclinationem autem Orbitæ Mercurii ad Eclipticam ex poſtremarum obſerva- 
tionum comparatione invent 6? 237, quam nihilominus ob breve harum ob- 
ſervationum intervallum præferre non auſim ei, quam ex Sinenſibus obſervatio- 
nibus R. P. Fontenay longe majori intervallo diſtantibus deduxi; ſc. 69 40” 
propius accedentem ad Tabulas Rudolphinas. . 


C. Mercurii Veneriſque Sidera Solis Diſcum ſubintrare, ac inſtar Macula- I. Vibe ou: 
rum Nigricantium in lucido ejus Orbe aliquando conſpici, tam ex verioris j#»#ions of the 
Aſtronomiæ Principiis, quam ex indubitata Obſervantium Fide, dudum com- nets with the 
ertum eſt, Qua vero Lege, quibuſve Conditionibus, quantiſque Annorum Suns by A.. 
1 Wyo . . 3 Halley. n. 193. 
e hæc Phænomena nobis ſpectanda præbentur, neſcio an aliquis exp. 5:1. Mal. 
Aſtronomis Hodiernis rite definiverit: Certe nihil hac de re inter Typis man- An. 1691. 
data hucuſque mihi viſum eſt. Quapropter non ingratum fore arbitratus 
huic Inquiſitioni ſerio operam ded, ac Diſſertatione hanc rem maximè per- 
plexam pauciſque intellectam me plenius enucleaturum confido. 
Has Planetarum horum Phaſes ſemper in Retrogradientium cum Sole Con- 
junctionibus fieri, cum ſcil. Sol Nodis eorum adeo vicinus ſit ut Planetæ Soli 
Jjuncti Latitudo Semidiametrum Solis non excedat, per fe ſatis conſpicuum eſt; 
quo vero facilius Limites ac Conditiones harum Con unctionum perveſtigem, 
cumque Calculi Elementa omninò diverſi ſint, uterque Planeta ſigillatim tra- 
Randus eſt: a Mercurio itaque exordiamur. | 1 9 755 
HAujus Planetæ Nodum Aſcendentem, juxta nuperas & accuratas Obſerva- 
tiones, prope 155 Tauri, ſeu potius ad 0s 15? 44, A 1* * Y, hoc noſtro 
ſeculo reperiri, pro comperto habemus. Deſcendentem vero Oppoſitam ad 
N 5 r 6* 159 ͤ 44 
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C159 44A; & V. Angulum autem quo Planum Orbitz Mercurialis ad 


Eclipticam inclinatur ſatis bene ſe habet apud Keplerum, viz. 69 54, Jam ex 


probatiſſi mis Hypotheſibus conſtat Mercuri in Nodo Aſcendente conſtituti Di- 
ſtantiam A Sole eſſe partium 31365, quarum media Solis Diſtantia à Terra ſit 
100000 z dum vero Nodum Alterum occupat, Diſtantia iſta, in iiſdem parti- 
bus menſurata, fit 45308. Sal vero Nodo Aſcendenti oppoſitus diſtat à Terra 


eidem juncta partium iſtarum 98955, ad Nodum vero Alierum eadem Inter- 


capedo fit 101007, Atque idcirco Mercurius Soli Conjunctus ad Nodum A 
cend. diſtat a Terra partibus 67591 : ad Nodum vero Deſcend. partibus 55699. 
Quæ, cum inter ſe valde diſcrepent, ſeparatim etiam conſiderandæ veniunt 


Conjunctiones illæ quæ ad diverſos Nodos fiunt, Calculi Elementis Com- 
pendii gratia Synopticè expoſitis. 


Conjungatur Mercurius Retrogradus cum Sole Centraliter ad Nodum Aſcen- 


dentem, Menſe Octobri; ac ex dictis Hypotheſibus habebitur, 


N _———— 


eat 
— 


| | | I 8. 0 / 3 
Longitudo Solis à Prima Stella Arietis —— — | 6 15 44 OO 
Longitudo Mercurii ex Sole vii — — 0 15 44 00 
Diſtantia Mercurii à Sole — | 31305 | 
Diſtantia Mercurii a Terra | 67591 | 
Angulus Inclinationis Orbite Mercurii — | o 6 54 oo 
Motus 6 Horar. Mercurii ex Sole viſi — e 
Motus Solis in jiſdem 5 Horis — — g 14x 
Hinc Motus Mercurii a Sole ſex Horis — — | . 
Et Motus ejus à Sole ex Terra viſo, 6 Horis | o © 35 12 
Et Angulus Vie Mercurii intra Solem viſe cum Eclip- : | 
Bo | | "0 3 ix ani 
Hinc Motus Mercurii in Orbita ſua viſibili 6 Horis — o o 35 40 
Deinde Motus Mercurii in Anno Siderio ultra quatuor 

RNevolutiones — 1 24 45 8 
In Annis Tredecim itaque — — 111 21 46 44 
Deſunt itaque ad Revolutiones 54 Integras —— |] o 5 13 16 
5 | | 3 
Quod ſpatium percurrit Mercurius in —— —— [ * 2 oo 11 
Quibus promovetur Solis Locus; ac “ in Nodo Situs en, 
tantundem diſtat à Conjunctione Terræ — 11 
At Arcus iſte ex Terra ſpectatus fit — — o 56 10 | 
Unde ex dato Angulo Vie viſæ 89 15' provenit Baſis, | — 
ſive Diſtantia A Conjunctione Viſibili 8 0 5 34 
Qui Arcus percurritur à Mercurio juxta Horariam da- 1 

tam — — — 9 211 

Excedunt vero 13 Anni Siderii totidem Fulianos cum] 3 
Inlercalationibus tribs — — — 


Hoc eſt in Tempore 


Baſis vero ei competens 
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lacbe Mereurius revertitur ad Solem poſt Aunos Fulia- 
105 13 atque inſuper 


Vel cum quatuor Intercalationibus, fi præcedens An- 


nus fit tertius a Biſſoxt. — 
Ex arcu vero 56“ 10“, & Angulo dato, fit perpen- 
dicularis, five proxima Diſtantia e I Sole, 
Itaque & poſt 13 Annos intra Solem conſpicuus, 8' 3”. 
Borealius Incedit. 


— — — — — 


Pari Argumento in 46 Annis Sideriis movetur & 
Deſunt itaque ad Revolutiones 191 Integras 


Quo promovetur /// ——_ —— 
Hic arcus è Terra viſus fit — — 


— — — — 


Tempus vero quo Mercurius Baſin percurrit fit — 
Excedunt vero 46 Anni Siderii totidem Julia nos cum 
11 Intercalationibus 
Ac Mercurius revertitur ad Solem poſt 1 Annos. Ju- 
lianos atque inſuper 
Vel cum duodecim Intercalationibus, ut fit at 
nus præcedens fit Secundus vel Tertius a Biſſextili 


— 


Perpendicularis verò, quo Mercurius in Boream pro- 


vehitur, fit 


— —— — 


— 


Periodus vero maxime Accurata 3 ad Solem 


abſolvitur Annis Sideriis 263 atque infuper —— 
Hi vero Siderii ſuperant totidem Julianos cum 66 In- 
tercalationibus. 
Unde poſt 263 Annos Julianos, eit ad Solem 
revolvitur, tardids vero — 


Quod ſi præcedens Annus Biſſextili fuerit, addantur 
Poſt hoc demum Intervallum Borealius Incedit —— 
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Cæteræ vero Periodi latiores ex jam Inventis facili negotio eruuntur, 


ſuntque vel 6 vel 7 Annorum. 


Quz Septem Annis abſolvitur, Mercurium deprimit verſus Auſtrum 22. 
4%, ac Septem Dies integros, minus 9 Minutis, citius provenit, ſi duæ fu- 


erint Intercalationes. At cum una Intercalatione, cum ſcil. Annus prior 
Biſſextilis ſat, 6 dies ſubducendi ſunt, additis tantum 9 Minutis, ut prids. 
Rarius 


2 


E 
75 


1 Hg 
Rarius vero poſt ſex Annos in Solis diſco conſpicitur iterum vagus ille Pla- 
neta, qui exacta hoc Periodo 30“ 50”, Borealius tranſit; idque tardius, d 


17h 25”, fi Annus preceders fit Secundus vel Tertius a Biſex/ili ; aliter $4 
17h 25” addendi ſunt. | N 


Pariter ſi fiat Conjunctio 4d Nodum Deſcendentem Merſe Aprili. 


_ 1 R 
Py — _— 
— * 


| h | | „ — 
Longitudo Solis à Prima Stella Arietis — 121 44 00 
Mercurii Longitudo ex Sole viſi —— — — | 6 15 44 oo 
Diſtantia Planetæ a Sole ut prius — — | 45308 
Diſtantia ejus a Terra — 55699 | 
 Motus Mercurii à Sole viſi Sex Horis eee o o 14 29 
Motus Solis in eodem tempore — o O 43 21 
Motus Mercurii à Sole 3 ov 0am 
Hinc Angulus Viæ viſe Mercurii intra Solis diſcum cum! 5 

Ecliplica fit — — — O 10 18 Oo 
Motus vero viſus à Terra in 6 Horis — | 


hh 


Unde ſequendo methodum calculi præcedentis, evincitur Mercurium poſt 
13 Annos atque inſuper 3d 7h 37“ ad Solis Conjunctionem revolvi; quod fi 
præcedens Annus fuerit Tertius a Biſſextili, tunc addendi ſunt 2 d 7b 370 
tantum: ac tum Mercurius 16 55”, Auſtralius incedere reperietur. 
Poſt 46 vero Annos, cum 12 Intercalationibus addantur od 7. 14%, & ha- 
bebitur Mercurius Soli. Conjunctus in Tramite Auſtraliore 2“ 23” ; fi vero 
Annus Prior Biſſextilis fuerit, vel ab eo Primus, addendus eſt 1d 7b 147, ut 
habeatur accurate Synodus. Similiter poſt 263 Annos, quibus Mercurius in. 
Auſtrum deflectitur o' 22“, addendus eſt vel 1d 11h 49 vel 11h 49', juxta 
Legem in priori Caſu prseſcrip ta 

At Annis ſex vel ſeptem ob viciniam Terre ac Planete, atque idcirco ob 
ampliatos Arcus ad hune Nodum, non revertitur ad Solem, ut intra Diſcum 
appareat. Poſt annos autem 33 Solem tranſit Via magis Boreali 14 2”, ac 
habetur momentum Conjunctionis ſubducendo a Prioris tempore 3d oh 2 * 
ſi fuerit in Anno Tertio a Biſſextili; aliter, ſubduc 2d ob 237, tantum. 
Nis inventis facile erit continuare Calculum pro omnibus hiſce Conjuncti- 

onibus Mercurii cum Sole, idque cum ſumma certitudine, ac ſine ulla hæſita- 
tione, an omnes poſſibiles habeantur necne: Sola Additione obtinentur mo. 
menta Conjunctionum ac Diſtantiæ Planetæ i Centro Solis: unde etiam o 
Tabellæ depromuntur Durationes harum, ut ita dicam, Ecliꝑſium, ut nihil 
fit quod in hac re deſiderari videatur. eee 

Epoc has vero quod ſpectat, ex tutius Obſervatorum induſtria comparantur, 
quam calculi cujuſvis Subtilitate: adeoque elegimus in primo Caſu, notabi- 
lem illum Tranſitum Mercuri, quem ipſe in Inſula San#e Helene perfectiſſimè 
obſervavi, Oi. 29. An. 1677. St. Vet. & cujus Medium ex Initio & Fine de- 
terminavi in Prædicta Inſula quidem ob . p. m. Londini vero ob 280. p. m. 


Semita 
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gemita vero qua incedere viſus eſt Planeta 4' 40“, Borealior erat Solis cen- 
tro. In altero Caſu, viz. cum Mercurius Soli conjungitur Menſe Aprili, ex 
Cl. Hevelii Mercurio in Sole viſo, p. 72, 75. Epocham defumere placuit; 
nempe quod Apr. 23. An. 1662. St. Vet. Gh 8“ p. m. Gedani, hoc eſt 4h 52“, 
Londini, Mercurius Solis centro proximus apparuit, utpote in medio Tran- 
firu, ſimulque diſtabat ab codem Centro 4 27“ ad Boream. Hinc juxta 
præcepta præmiſſa, omnes ordine viſibiles Conjunctiones Mercurii cum 
Sole ſimul exhibere, exigui Laboris opus erat: ac in Exemplum quod cui vis 

in poſterum imitari licet, accipe hujus Seculi, ab invento Teleſcopio, quot- 


quot uſquam apparuere hujuſmodi Phænomena, vel quæ etiam in ſequentis 
Seculi poſteris apparitura ſunt. | 


Series Momentorum quibus Mercurius Soli Conjunus intra Diſcum ejus 
conſpicitur, per preſens & futurum Seculum, cum Diſtantiis Planetæ a 


Solis centro. 
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Tranſitus qui ſigno * notantur, Londini ex parte Viſibiles ſunt, qui vero 
ſigno *, toti conſpici poſſunt. DEST 

Notandum vero eſt Solis Diametrum ad Nodum & ii Aſcendentem menſe 
Octcbri occupare 32 34%; atque adeo maximam Durationem̃ centralis Tran- 


ſitus eſſe gh 29“: Menſe vero Aprili Diameter Solis fit 31' 54” 3 unde ob 


tardiorem Planetæ Motum oritur Duratio Maxima Sh 1': Quod fi oblique 
incidat Mercurius, Durationes he breviores redduntur pro ratione Diſtantiæ 
a centro Solis: Quoque perfectior Calculus hic reddatur, ſequentes Tabellas 
acdunxi, quibus exhibentur dimidiatz Durationes harum Eclipſium ad ſingula 

minuta Diſtantiæ viſæ à centro Solis; que additæ ac ſublatæ a Conjuncti- 


onis momento in priori Tabula invento, Initium ac Finem totius Phænome- 
ni deſignant. 
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Obſervationes omnes hucuſque habitas rite repræſentant hi Numeri, nec 

_ eſt quod dubitem de Futuris, cum ex omnibus Planetis Mercurius Soli proxi- 

mus, ejus Centro adeo vicinus ſit, ut aliorum Centrorum interventu minimè 

cieatur, nec deviationibus illis que a cæterorum Syſtemate oriuntur, quibuſ- 

que ſuperiores, præſertim Saturnus, obnoxii ſunt, quod ſentiri poſſit, inter- 
turbetur. | Fo Mo 5 

Parallaxes conſultò omiſi, ut perexiguas, quæque Locis di verſis diverſæ ö 

obvenientes generaliori Calculo immiſceri non debent; quodque etiam quan- | 

| 


tz ſint non ſatis adhuc conſtat, ſed potius ex hujuſmodi Obſervatis tutifſime _ 
derivari poſſint: Diametri etiam Mercurii rationem non habui, quia ſupra : 9 
fidem parvus perpaucula ſolum Minuta Limbo adhærere videtur. Ex Ob- — 
ſervatione accuratiſſima deprehendi vix duo Minuta elapſa dum totus è Sole i 
egrederetur Octob. 28. 1677, unde contluſi Diametrum ejus o' 11”, ac jux- 
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ta rationem Diſtantiarum i Terra ” Nodum Alterum o“ 13“ ferè; adeoque 
tunc 32 Temporis Minuta inſumi, dum Totus Planeta Solis Limbum directè 
pervadit: Oblique vero tranſiens paulo diutius hæret, ſecundum ac Secantes 
Angulorum Incidentiæ augentur. Æquationes etiam Temporis haud opus 


eſt ut æſtimemus, quia perplures dies hinc inde 1 in utroque Menſe conſtantes 
ac quaſi invariatæ perſiſtunt. 


— ang Veneris cum Sole Conjunctione. 


Venus, quamvis Syderum omnium ſpecioſiſſima, more Sexus ſui, ſine mu- 
tuato Cultu ac Splendore aſcititio in Conſpectum prodire veretur: Hoc ete- 
nim Spectaculum inter Aſtronomica longe nobiliſſimum, inſtar Ludorum Se- 


cularium, integri Seculi Mortalibus invident Motuum arctæ Leges. Unico 


vero hoc obſervato, ſumma cum certitudine Diſtantiam Solis à Terra determi- 


nari poſſe, quæ ob Parallaxin alias prorſus inſenſibilem Vagis Terminis hu- 
cuſque definita eſt, poſthac declarabitur. Periodos vero quod attinet, illæ 


non adeo accurate ac Mercuriales deſcribi poſſunt, cum Venus ſemel tantum 
ab Orbe condito, idque ab Horrexio noſtro, intra Solis Difcum deprehenſa 


ſit: Correctis autem Motibus, quantum per rudiores Veterum Obſerva- 


tiones licet, accipe jam ſfurnrnam Calculi. 


Longitudo Nod Afenidintis Veneris ? a prima Stella 4 3 . . 


tis 1 16 16 00 
Sol itaque ei jungitur in puncto oppoſito; hoc eſt, per 
hæc Secula, circa finem Novembris | z 19-00 
| Diſtantia Veneris a Sole, partium —— 71997 
Diſtantia Veneris a Terra 20438] 3 5 
Inclinatio Orbitz Yeneris ad Eclipticam — -0 3-23 of 


Motus Veneris in 8 Annis Syderiis, ſupra 13 Revolu- 
tiones 


Motus Veneris in 235 Annis Syderiis, ſupra 38 Rerolu- 


o 1 30 282 


tiones 11 29 17 39 
Motus Veneris in 243 Annis Syderiis ſupra 395 Revoly- | 
tiones. — — o 00 48 8 


Ex his Principiis, inito Calculo juxta Methodum in Mercurio expoſitam, 


proveniunt intervalla Temporum ac Diſtantiarum, ut ſequitur. 
Poſt 18 Annos Venus revolvitur ad Solem ſc. ſublatis a prioris Tranſitus 
momento 2d 10h 52%. Incedit vero Planeta Semita 24 41", priori magis 


Auſtrali. 


Poſt Annos 233, additis 24 rob 9', Venus iterum Solem ingredi poteſt, 
ſed via 11“ 33“, Borealiori: Quod fi 
34 10h gf addendi ſunt. | 

Pot Annos 243 Venus etiam Solem tranſire Poteſt, auferendo tantum 


oh 43% a prioris Tempore ; Auſtralius vero incedit 13 8“: Quod ſi præce- 
dens Annus Biſſextilis mana adde _ 87 Ke 


Et 


— — — —— Ali 


* 9 1 


Precediens: Annus Biſſextilis fuerit 
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Et in omnibus his Appulſibus Veneris ad Solem, Menſe Novembri, Angulus 
Vie Viſæ Yeneris cum Ecliptica fit 9* 5', ac Motus ejus Horarius intra Solem 
4 7“; cumq; Semidiameter Solis ſit 16' 21“, provenit maxima Duratio 
Tranſitùs centri Veneris 7h 56“. 

Deinde conjungantur & & Venus ad Nodum Deſcendentem Menſe Maio; ac 

juxta Numeros eoſdem ſupputantur Intervalla eadem. Poſt 8 Annos auferen- 
di ſunt 2d 6b 55“, ac Venus Orbita 197 58” Borealiori pertranſibit. 

Poſt Annos 235 adde 2d 8h 18”, vel fi prior Annus Biſſextilis fuerit 3d Sh 
18', & habebis Venerem Auſtraliorem 9“ 21“. 

Denique poſt 243 Annos adde od 1h 23“, vel fi prior Annus Biſſoxtilis 
fuerit 1d Ih 23“, & reperitur Venus iterum Soli conjuncta, ſed in Tramite 
1037“, magis Boreali. 8 oy 
In omni ad hunc Nodum Tranſitu intra Solem, Angulus Vie Viſæ Veneris 
cum Ecliptica fit 89 28“; ac Horarius ejus Motus 4' oO; ac Solis Semidia- 
metro ſubtendente 15' 51” ; provenit Duratio maxima centralis Tranſitus 
etiam 7h 56'; preciſe eadem ac ad Nodum Alterum. | 

e a Epochas; ex Ingreſſu quem ſolum vidit Horroxius in Sole jamjam 

occaſuro concluditur, Venerem Soli Junctam fuiſſe Londini 1639. Nov. 24d 
6h 37. ſed verſus Auſtrum inceſſiſſe 8' 30“. Menſe Maio vero a nemine 
Mortalium hucuſque intra Solem viſa eſt, ſed ex Numeris meis quos non mul- 

tum i Cœlo abluſuros confido, conſtat Venerem proxima vice Solem ſubituram 
A. 1761, Maii 259 17h 55, media ſcil. Eclipſi, ac tunc diſtare a Centro ejus 
verſus Auſtrum 4 15”. Hinc & ex præmiſſis Revolutionibus facili negotio 

omnia hujus generis Phænomena, per Millennium integrum computavi, ut 
in ſequenti Tabella exhibentur. 
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Ann, | Temp. Conj. 


1761 | 25 17 55 I5 
1769 75 11 OO 43 
1996 | 2 1 36 
| 2004 | 25 19 18 | 
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Durationes harum Veneriarum Elinfam quod attinet. ee Centri eo- 


dem modo ſupputari poſſunt ac Mercuriales ; ſed cum Diameter Veneris ſatis 


ampla ſit, cumque Parallaxes etiam Differentiam valde Notabilem quoad 
Tempus ingerere poſſunt, Calculus peculiaris pro Locis ſingulis neceſſariò 


ſubeundus eſt. 


Veneris autem Diameter tanta eſt, ut dum Limbo Solis adhæret, ferme 20 


Temporis Minuta præterfluunt, cum ſcil. Solem directe aggreditur; oblique 
vero incidens, etiam diutius Limbo 1 immoratur: Occupat autem Diameter 


iſta, JUXTa 4 Horroxii Obſervationem, 1' 18”, dum ad Nodum Aſcend. Soli jun- 
gitur, ac 1 12“, ad Nodum Alterum, Præcipuus autem harum Conjunctio- 


num uſus eſt, Solis à Terra Diſtantiam five Parallaxin ejus accurate determi- 


nare, quam quidem fruſtra variis Methodis tentaverunt Aſtronomi; dum In- 
ſtrumenta quantymvis ſubtilia Angulorum quæſitorum Minutiæ facile elu- 
dunt. At in obſervando Yeneris in Solem Ingreſſu & ab eodem Egreſſu, ſpa- 
tium Temporis inter Momenta Conta-tyurn 1 internorum, ad ipſum Tempo- 
ris Minutum ſecundum, hoc eſt, ad Minuti Secundi ſive 4. Arcus ob- 
ſervati, ope mediocris Teleſcopii& Horologii Oſcillatorii, per 6 vel 8b accu- 


rate ſibi conſtantis, obtineri poteſt. Ex duabus autem talibus Obſervationibus 


Jig. 154, 155 


Ibe Motion of 
3be Comet, A, 
166g, Preci- 
Hed; by M. Au- 
z20ut. n. 1+ p · 3, 
n. 2+ Pp. 18. 


in Locis idoneis debite inſtitutis intra Quingenteſimam Partem certò concludi 
Solis Diſtantiam, proxima Occaſione commonſtrabo. 


Ne quid Obſcuri Lectoribus Aſtronomicè minus Doctis videretur, Schemath 


pro utriuſque Planet Tranſitu delineavi, quibus rem oculis ſubjicere cona- 
tus ſum. 


CI. 1. M. Auzout, after he had ſeen the Comet (which was firſt obſerved 
in Holland, Decemb. 2. 1664.) 4 or 5 times, made the Ephemerides of its 
Motion upon an — 5 that it moveth juſtly enough in the Plane of agreat 


Circle, 


E ＋ 
xv 


— 


. 
Circle, which inclineth to the Equinoztial about 30», and to the Ecliptick 


4 


49 or 49, cutting the Æguator at about 45%, and the Ecliptick at 28" 


of Aries, or a little more. 


He takes notice, that more Comets enter into our Syſtem by the Sign of, +. p. . 
Libra and about Spica Virginis than by all the other parts of the Heavens: 
For, both the preſent Comet and many others regiſtred in Hiſtory have en- 
tered that way, and conſequently paſs'd out of it by the Sign of Aries; by 
which alſo many have entered. To 5 . . 
2. Till the 6% of Feb. this Comet always advanced : But after that Day, Obſerved; by 
I found that it returned in augmenting always its Latitude. I left it Mar. 8. M. 899% 45. 


\ at the 18 of the Horn of Aries, almolt in the ſame Latitude; and I am apt 


to believe it will be Eclipſed this Evening. n 
I ſhall only add, that on Feb. 3. we were ſurprized, to ſee the Comet again 
much brighter than ordinary, and with a conſiderable Train. Some did be- 
lieve that it approached again to us. But having beheld it with a Tele- 
ſcope, I ſoon ſaid, that it was joined with two ſmall Stars, whereof one was 
pretty bright, and that this Conjunion gave the Comet that Brightneſs. 
Hence it was, that I aſſurꝰd my Friends here, that we ſhould no more ſee 
r 5 | 
M. Auzout alſo ſtrongly conceives, that this Comet could not be Feb. 18, n. 6. P. 197. 
ſt. u. where M. Hevelius, in his Prodromus Cometicus, hath placed it, viz. in 
prima Arietis ; unleſs it be ſaid that it viſited that Star of Aries on the 1 8th, 
and returned thence the 19h, into its ordinary Courſe : For, according to 
his, and his ſeveral Correſpondents Obſervations, the Comet on Feb. 17. 
was diſtant from that Fir/t Star of Aries at leaſt 1? 17 ; and on Feb. 19. 
(He having miſſed, as well as his other Friends, the Obſervation on Feb. 18.) 
was advanced in its way 12' or 13', but 75 diſtant from the ſaid Star 
ſome Minutes abovea whole Degree, and conſequently far from havin 
then paſſed it. After which time M. Auzout affirms to have ſeen it as well 
as ſeveral others, for many Days, and that until Mar. 17. obſerving, that 
about Feb. 26 or 27, when the Comet was neareſt to the often mentioned 
Firſt of Aries, it approached not nearer than 50“. ys Rp 
3. Some Eminent Engliſh Aſtronomers, who have attentively obſerved the B, ſome Ergüſh 
Poſition of this Comet, do jointly conclude, that whatever that Appearance Aftronomers, is, 
was, which was ſeen near the Fir/t Star of Aries by M. Hevelius (the truth p. 15%. 
of whoſe Relation concerning the ſame they do in no wiſe queſtion) the ſaid 


Comet did not come near that Star in the 4% Kar of Aries, where the ſaid 
M. Hevelius ſuppoſes it to have paſſed, but took its Courſe near the Bright 


Star in its Left Horn, according to Bayer's Tables. 


4. I have eaſily found the Principle of M. Auzout's Ephemerides : and tis The Frinclgh of 
this, that this Comet moves about a Centre, ina ſtraight Line drawn from the jontep, ; aud ihe 
Earth thro' the Great Dog, in ſo great a Circle, that that Portion which is rang of _ 
deſcribed, is exceeding ſmall in reſpect of the whole Circumference thereof, A. dati. 


and hardly diſtinguiſhable by us from a ſtraight Line. n. 2. 5. 17. 
Concerning the New Comet you mention, I obſerv'd it Feb. 11. about the 


24% of Aries, with a Northern Latitude of 24 40“. CI. 
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(438). | 
Tr, Motion of all. 1. M. Auxoul, after 3 or 4 Obſervations, hath publiſhed another E- 
ir be; phemerides concerning the Motion of the Comet, which he firſt began to ob- 
by M. Auzour, ſerve Apr. 2..1665. He affirms that the Line deſcribed by this Sar reſem- 
J r. 6. bles hitherto a great Circle, as it is found in all other Comets in the midſt of 
their Courſe. He finds the ſaid Circle inclined to the Ecliptick about 268. 
30'. and the Nodes ie he cuts it, towards the beginning of Gemini and 


Sagittary: that it declines from the Aquator about 269, and cuts it towards 


the 112; and conſequent]y that its greateſt Latitude hath been towards Piſces, 


and its greateſt Declination towards the 25% of the Æquator. He puts it in 


its Perigee about 152 of Piſces, a little more Weſterly than Marc bab, or che 
Wing of Pegaſus. 
e 6 M. 2. He obſerves in General, that this ſecond Comet is contrary to the pre- 
e T- cedent, almoſt in all Particulars: Seeing that the former moved very ſwift, 
this pretty ſlow ; that againſt the Order of the Signs from Eaſt to Weſt, 
this, following them, from Weſt to Eaſt ; that, from South to North, this, 
from North to South, as far as it hath been hitherto, that we hear of, ob- 
ſerved: that, on the ide oppoſite to the Sun, this, on the ſame fide ; that, 
having been in its Perigee at the time of its Oppoſition, this having been 
there, out of the time of its Conjunction. He taketh alſo notice, that this 
Comet differs in Brightneſs from the other, as well in its Body, which is far 
more vivid and diſtinct, as in its Train, whoſe Splendor is much greater, 


ſince it may be ſeen even with great Teleſcopes, which were uſeleſs 1 in the 
former ** reaſon of its Dimneſs : 


ata, an: OE I. Ann. 1688, Mar. BY 1h of e the usa Night (after the 
"_ IC Oe Talian way of counting) I obſerv'd a Path of Light extended from the Male 
buli. n. 33. thro? a Be which I judged to be the Train of a Comet both by the 
IE Figure and Colour, as alſo becauſe that the Direction of it was to the part 
oppolite to the Sun, like other Comets. By its extreme Point it reached to 


that Star in Eridanus, which is called the 14 by Bayerus : But it iſſued out 


of the Horizontal Clouds, ſo that I thought the Head of the Comet was ei- 


ther veiled by them, or hid under the Horizon. Mar. 11. there was ſeen a 
Brightneſs in the V Hale, amongſt the thin Clouds, at leaſt for half an Hour, 


which was very like the Splendor of Venus, likewiſe veiled with thin 


Clouds. 


Mar. 12. When the Great Dog was in the Mid. heaven, the ſame Tail ap- 

peared again. It paſſed thro? the Star in Eridanus, which Bayerus calls the 
15, and left to the Southward the 14, where it did terminate Mar. 10. 
Being by the Imagination drawn out to about 3% and further, it tended to 
that Southern Star which precedes the Ear of Lepus. It was therefore more 
Northerly than the Day before Yeſterday, and more Eaſterly. We were 
doubtful whether its head was hid by the Clouds or under the Horizon. But 
the Line from Jupiter to the Extremity of the ſaid Tail in the Clouds was 
Perpendicular to that Tail ; ſo that it was in the Wbaie, and the Apparent 
part of he: Train reached out in Length about 322. 


1 | 2. Mar. 
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2. Mar. 5. ft. u. The Comet was tirſt diſcovered : but for as much as it At Lisbon ; 4 


fet few hours after the Sun, there could hitherto be taken no conliderable 
Obſervations of it. The Body thereof is not ſeen, becauſe it remains hid in 
the Horizon. Its Train is of a ſtupendious Length, extended in Appearance 
over almoſt the 4th part of the viſible Heaven, from Welt to Eaſt-; its ap- 
parent Breadth is of a good Pain, aud its Splendour very great, but it laſts 
but a few Hours, 


At St. Salvador Mar. 5. (A. n.) at 7a Clock at Night, F. Eſtancel began Bun, by 


to ſee this Comet a little above the Horizon from Welt to E. S. E. The = 46-5 x 


„ 0 P 694. 


beginning of its Tail was a little under the two lucid Stars, the 15 and 1 Gth b. 91. 


of the Whale*s Back, over which it then paſſed, its Point being as ' twere at 
the 8 and gth which are at the bottom of the Whales Belly; and thus the 
whole Length thereof was about 239%. The Globe or Head of it was ſo ſmall 
and thin, that very few could diſcern it with the naked Eye. 

Mar. 7. The former Brightneſs was ſomewhat leſs, and become fo thin, 
that the Eye could eaſily ſee the Stars that were behind it, which by Con 
jecture were the 14 and 20 th. . 

The Tail was always directly oppoſite to the Sn; and when it appear'd 
the firſt time almoſt Horizontal, it was ſeen in the form ot a Pillar, the 
Head ſtanding alittle under, and on the ſide of the Star of the Hale, which 
is in the Lat. of 13“ 406“. and the Long. of 129 42“. of Aries. And the 


Point did ſhave the-14th, North of the three that are in the Belly, in the Lat. 


of 200. 30“. and Long. of-159 57'. of Artes. 

This Comet was at firſt very fplendid, and caſt itſelf with that Vividneſs 
upon the Sea, that the Rays thereof were reverberated unto the Shoar, where 
the Obſervers ſtood. Bur this Brightneſs laſted only for three Days, after 
which it did conſiderably decay. But that which ſeemed ſomewhat ſtrange 
was, that having loſt ſo much of its Light, yet its Bulk was not diminiſhed, 
but continued rather increaſing until the Comet diſappear'd. It paſs'd more 
fwiftly than Venus, whence he infers that it was under Venus; yet the Anti- 
cipation was not ſo great, that it could be believ'd to be under the Moon, as 
he would have it. E 24h : 


4. P. Pietro Suſarte, Rector of Macao, in the Eaſt-Indies, well verſed in Ts Africa, by 
Pietro Su- 
ſarte. 1b. 


Matters Aſtronomical, writes to have ſeen the ſame all along the Coaſt of 
Bona Speranza. 3 5 


Cv. There hath been ſeen here a New Comet from the 2d of Mar. ft. n. 4 Comet, an. 
1671. It is but little, having a Train not above a Degree or a Degree and $67 3" ; 2 
Hevelius, n. $1, 


an half long. It is now (Mar. .) about the Stars in the Right Arm of Andro- 


nella on her Shoulder Blade. As far as I can collect from one or two Ob- P. 4%. 


ſervations, it tends towards the Lucida of Andromeda's Girdle, and that with. 
a direct diurnal Motion of about 2 Degrees in its Courſe. 
The 6th of March in the Evening 7h 400 it was in 7“ F. and in 35 of 
Northern Latitude; as I gueſs'd by the haſty Inſpection of a Globe. | 
Mar. 7. in the Morning 3h 0, its Longitude was about 8“ NM. with a 
ſomewhar leſſer Latitude than before: in the Evening of the fame day it's 
Longitude was 10 V. and Lat. 340 fere. = Mar. 


1 i 2 . / 
©, * 1 * 
' 2 g 1 IK Dn Pp * 
. '- $5 1 * N 
** — nt” * 7 > 4 4 * mo. x 2 2 3 


(64) 
Mar. 8. In the Morning 4b, the Long. was 129 v. and the Lat. 330. 
Which yet I would not have taken preciſely, becauſe I cannot yet reduce 


my Obſervations to a Calculus 
At ....+. bly 2. Mr. Iſaac Newton about the 16 of March ft. V. ſaw a dull Star South- 


2 Weſt of Perſeus, which he now takes to have been that Comet. It was very 
= ſmall, and had not any viſible Tail, which made him regard it no further. 
_ 1 Paris by M. 3. The Mathematicians of La Fleſche perceived him from the 16 of March, 
L. 4018. b. Ja. +. 1. and gave us here at Paris the firſt notice of ir. Thoſe of the College 
P- 4942- of Clermont being advertiſed of it, ſaw him the 25 of the ſame Month. 
Mar. 26, 7h 30“ in the Evening, M. Caſſini ſaw him between the Head of 
Meduſa and the Pleiades; without a Teleſcope he appeared no otherwiſe 


than a Star of the 34 Magnitude ; his Head ſeen with a Teleſcope of 17 Foot, 


appear'd almoſt round; but it was well defined, and diſtinguiſh'd from the 
Miſtineſs, which formed a kind of Chevelure, wherewith it was encom- 


paſſed; and even the middle was a little confuſed, and ſeemed to have 


Inequalities, asare ſeen in Clouds. | 


The Tail was almoſt imperceptible; yet by the Teleſcope it was ſeen 
turned oppoſite to the Sun, and it appeared of the Length of two Diame- 


ters of the Head or thereabout: For it was not eaſy to meaſure it preciſely, 


becauſe being thinner according as it was farther from the Head, its Extre- 


mity was inſenſibly loſt. And ſo the whole Comet, Head, Tail, and Chevelure, 


taken all together, took up no more than 3 or 4 Minutes of a Degree. At 7h 
48', he was in a ſtraight Line with the Lucida in the Head of Meduſa, and 
with the moſt Orcidental one of the Pleiades, and above the two cleareſt 


Stars of the Southern Foot of Perſeus; ſo that a ſtraight Line drawn thro? 


theſe two Stars, did almoſt touch the Southern Extremity of his Ghevelure. 
This Place of the Comet, transferred upon the Map of the fix'd Stars, fell 
preciſely enough upon 230 25' of Taurus, in 159 Northern Latitude. 
With a Teleſcope 3 Foot, we ſaw near the Comet two ſmall Stars, diſtant 
one Diameter of the Sun from one another, which Starsare not in the Cata- 
logues. The Comet was in a Straight Line, drawn from one of thoſe two 
Stars to the other preciſely at 9Þ 15”, but a little nigher to that which was 
Weſtward : But 9h 33“, he was equally diſtant. from. them both. It was 
tak en notice of, that from 8Þ 5” till 10h 26', He made, in reſpect of theſe 
two Stars, an oblique Motion ſenſible enough, going from North to South 
in the ſame time that he advanced from Weſt to Eaſt, * | 
Mar. 28. 5h 42 jn the Evening, the Comet was diſtant from the leſs bright 
Star of the Southern Foot of Perſeus, no more than about 24 Weſtward. He 
nad almoſt the ſame Latitude with this Star; ſo that he was preciſely enough 
at 2698“ , and in the Lat. 12* 8“. At 8h 14“ we took, as well as we 
could, the Diſtance of the Comet to the Star in the Eye of Taurus, called 
Aldebaran, 199 38. and dh 29“. The Diſtance of the Comet to the Star 


called Capella, was found to be of 22 32“. 
Mar. 
wee * 2 , N IR V5 NR FA 1 * : 


_ 
* 


{- 
"= 
_. 
. 
224 
8 
= 
x 
—_= 
3 
D 
_ 
= 
9 7 % 
„ 
= 
. 8. 
= 
8 
i 
_ 
= 

3 

Iz 
. 5 1 
1 \ 

"RX 
= 

Hs 

. 
" 
= 
= 

* 

9 
50 

. 

5 
<7 4 
4 4 
_ 
bo” 

* 
<8 
„ * 
©% 
. J 
. 
by * J 
nl 
1 
3 
Wo 
be 
1 
_— 
= 
= 
a 2 
_ 
x 
2 
= 
+48 
po” 
3 
we 

. 

. 

3 

Fd 

* 

1 

be. 

— 

6 
E 

WP 

8 

R 

8 

> 

3 

3 

5 5 

2 


* 
= 
* 

1 . 
8 
by 

= 
* 

* 

"= 

EE 
. 
3 
8 
3 
N 
5 


. ; * 3 8 r A N * — e- oa — oak es ke ad et I ES r C %ĩ%˙ ak oe it 4 EC 2 a AB 24 2.0 * 

N 1 : 8 + ” Ps : , R 1 a FOR 5 9 * * WWW . rr WF e A IE II es ripe OT 0 OY r F * e whey rel 9 . "a CY 

* — 898 r . on 2 5 R 8 £ A FA rs > 3h OT * 2 5 9 o 2 * a 9 * 5 o SS Ee IVE SS 3 r . CL OE IT NN FS 8 5 
22 ĩêré) ß x RS e d — a 

e 8 * 8 S PFF oe ag Stor Ind 4 r IE ore 9 ey CITI BOT R S 3 JC EFF ͥ T œͥ w? ]ĩð BE SOD CEE ]ꝗ⁰—t?U . . ] ² . ..]. 4 a N 

Ss 8 7 if 6; RIS on thn) a * 9 9 HEN 4 n WI 3 Ter. — l 5 e 8 7 ARE 2 TY COMSTWOITE I WI CLE EET IFN Son SOC LAS , 

x. SOR 200 3 P at > ann : NAT wad He tk XY N 1 2 32 „ 5 * +" r A n e S e 6 n 

* * 2 * n rc rl Fa N . r DIE n "os . aw a ly : 
£ me 


R 


8 
. 


670. 
. OTITIS SICSS. ts, © 
Re PE Ears, Le DIR 


2 G 
J ˙v1lJ eb Oe 


5 T4 
Mar. 30. gh 35', at Night, the Comet, ſeen without a Teleſcope, appear- 
ed no otherwiſe than a Star of the 4th Magnitude: thro' the Teleſcope he 


exceeded even thoſe of the Firſt ; but he was very dark, and in what man- 
ner ſoever we look*d upon him, we could obſerve almoſt no Tail at all of 


him. He had paſſed one Degree and an half beneath the Lucida of the Sou- 
thern Foot of Perſeus ; ſo that this Star was exactly in the midſt of the Comet 
and. the little Star of the Leg of Perſeus, marked » by Bayerus, which then we 
ſaw not but by a Teleſcope. A ſtraight Line drawn from one of theſe 


Stars to the other, did almoſt touch the Southern Limb of the Comet, which 


being transferred upon the Map of the Fix'd Stars, fell upon 289 45' of Tau- 
rus, in the Northern Latit. of 9® 56', At gh 45", the Weſtern Limb of the 
Comet touched a ſtraight Line, drawn thro? this leſs bright Star of Perſeus's 
Southern Foot, and thro' the moſt Northern of the Head of Taurus; but 


that he was already got ſomewhat nearer to the Latter. 


Mar. 31. 8h in the Evening, the Comet was in a direct Line with the Lu- 
cida in the Foot of Perſeus, and with the moſt Northern in the Head of Tau- 
rus; but he was more than twice as much remoter from the firſt than the 
other, and being transferred upon the Map of the Fix*d Stars, he was found 
at 15” from Gemini, in the Latit of 8* 49“. During the whole time that 


we could obſerve him this Night (which was till 10 a Clock) he quitted 


not this ſtraight Line, which was almoſt parallel to the Horizon: notwith- 
ſtanding that his own particular Motion ſhould raiſe him a little above it; as 
the Parallax, on the contrary, ſhould fink him beneath it in approaching to 
the Horizon. It may be, there was a compenſation made of theſe two con- 
trary Motions : poſſibly alſo the Effect of both was not ſenſible. 

April. 1. The Comet could not be ſeen without a Teleſcope, becauſe the 
Moon, being very near it, hid him from our fight. But with a Teleſcope 
only of one Foot we diſcerned him eaſily enough, and found that he had paſ- 
ſed 45 beyond the moſt Northern Star of the Head of Taurus, and that he 
muſt have touch'd it by his Southern Limb; as alſo that he was diſtant 19 
43', from the Star that was neareſt to that toward the South; which is equal- 
ly bright, yet not marked by Bayerys, This place being transferred upon 


the Map of the Fix*d Stars, we found that he was at 1* 3o' of Gemini, in the 
Northern Latit. of 7 44. 


April. 2. Sh in Even. M. Caſſini, having obſerved the Comet with a Tele- 
ſcope of one Foot, which diſcovered 35, found that he was two Deg. and 
half diſtant from the moſt Northern Star of Taurus; and one Deg. from the 
Star of the Ear marked e by Bayerus, and by Tycho called Sequentis Lateris 
Borei. | 5 5 

Two Lines drawn from the moſt Northern Star of Taurus, one to the Co- 
met, the other to the Star that is wanting in Bayerus, made a Right Angle; 


and the Diſtance of the Comet to this Angle, was double to that which is be- 


tween theſe two Stars. This Place transferred upon the Map of the Fix'd 
Stars, fell on 2% 48' of Gemini, in the Northern Latit. of 6 40/. 

April 3. gÞ, we ſaw him with the one Foot Teleſcope. He had paſſed over 
the upper Star of the Ear of Taurus, and he made with this Star the Bu/ts 


of an 1/o/celes Triangle, on the Top whereof was the inferior Star of the 
Vol, I. | — LII — | ———— 


( 442 ) 


Ear, The two Sides of this Triangle were two times and an half bigger 
than the Baſis; ſo that the Comet was 40 of Gemini, in the Northern Latit. 
of 5 36“. 

2 g. Sh at Even, the Comet had paſſed the Northern Ear of Taurus, and 
was equally diſfant from the Upper Star of the Northern Ear and from that 
which was on the Front of Taurus. He was alſo as diſtant from the Inferior 
Star of the Ear of Taurus, as this Star is from the next Weſtward, by Tycho 
called [nferior precedentis Lateris Quadrilateri; and a ſtraight Line, drawn 
thro* the Comet and the Upper Star of the Ear, made an almoſt Right 
Angle with another Line, drawn from the Come! to the Inferior of the two. 
Stars, that are above the Eye of Taurus. This Place being carried over to the 
Map of the Fix'd Stars, the Comet was found at 6* 187 of Gemini, in the 
Northern Latit. of 3% 41'. He was ſo confuſed this Night, that even 
with the 17 Foot Teleſcope we could not exactly diſtinguiſh the Head from 
the Chevelure which environed him. The whole appeared a little bigger 
than the Diſk of Jupiter, ſeen by the ſame Teleſcope. 

Apr. 6. Sh at Even, a ſtraight Line drawn from the Comet to the Star 
that is in the Front of Taurus, made a Right Angle with another ſtraight 
Line drawn from this ſame Star to the Inferior of the two that are above the 
Eye: and the Diſtance of this latter Star to that of the Front of Taurus was 
twice the Diſtance of the ſame Star of the Front of Taurus to the Comet, This 
Place being transferred upon the Map of the Fix'd Stars, the Comet was found 
at 75 25' of Gemini, in the Northern Latit. of 29 45'. At gh 6' we ſaw 
on the fide of the Comet a Star ſufficiently clear, which was not farther di- 


ſtant from him than a little more than the Diameter of the Comet, and that 
was at the ſame Height of the Horizon. : „ | 
Apr. 7. oh in the Evening, the Comet was equally diſtant from the Infe- 
rior Star of the Northern Ear of Taurus, and from the Superior of the Root 
of the Northern Horn. He was alſo as far diſtant from this latter Star, as 
this Star is from that of the Front. This Place being carried over to the 
OP of 5 Fix'd Stars, fell on 89 3o' of Gemini, in the Northern Latit. 
of 19 66“. | | = 550 | 
All the Places of the Comet, that we have obſerved till now, fall into a 
Line little differing from an Arch of a great Circle, which cuts the Ecliptick 
in 10? 45 of Gemini, and which conſequently hath its greateſt Latitude in 
10 45” of Piſces; which Latitude is between 399 and 409 Northward. 
The ſame Circle cuts the #quator at 101 degrees of the Vernal Section Eaſt- 
ward; and its greateſt Declination from the Æquator Northward is of 382. 
Having choſen two of our Firſt Obſervations (becauſe the latter are not 
ſo proper for this Purpoſe) and having taken a Mean between the firſt Ob- 
ſervations of the Mathematicians of La Fleſche, we found, by our Method 
explained in the Theory of the Comet of 1665, that this Comet had been 
in his Perigee the 12 of March at 8 a Clock in the Morning: that in that 
time, which is that of his greateſt apparent Celerity, he made about 29 32' 
a day in the great Circle of his apparent Motion, and +444 of his Perige? 
Diſtance in the Line of his Equal Motion : that he was in his greateſt 
"56 = „ | Declination 


2 (44) 
PDeclination the 11% and 127% of March; and that at that time, he paſſed 
thro? the Inferior Meridian at about two a Clock after Midnight. 
If we have rightly determined his Perigee, and that the Hyposheſis of th 
Equality of his Motion be juſt for that time, he hath been viſible ſince the 
Middle of February, at which time he was as far diſtant from his Perigee by 
Approaching to the Earth, as he is at preſent by Receding from it. He 
muſt then have been at the extremity of the Southern Wing of the Swan, and 
arrived at the Southern Foot of Pegaſus on the 23 of Febr. of the fame bigneſs 
that he was ſeen to be of, Mar, 28, He muſt have arrived art the Stars of 
the Northern Arm of Andromeda, Mar. . at thoſe of her Girdle, 12. whenhe 
Was in his Perigee, and in his greateſt Declination; to her Southern Leg, Mar, 15. 
between her Southern Leg and the Triangle, Mar. 18. very near as he was ob- 
ſerved at La Fleſthe; and under the Head of Meduſa, Mar. 25. The Days en- 
ſuing he mult have arrived at the Places marked in our Firſt Obſervations : 
But in the laſt he hath been ſwifter than this Hypotheſis will bear. To repre- 
ſent theſe latter Obſervations, the Line of the Motion ought to have been 
made Curve, as we did for the end of the Apparent Motion of the Comet 
1665. with this difference, that inſtead of that Line's being Convex in regard 
of the Earth, becauſe the Motion was Retrograde, this was to be Concave 
towards the Earth, becauſe that the Motion of this Comet is Direct. 
It's a Thing worth obſerving, that this Come: keeps his Courſe almoſt like 
that of the 2 Comet of 1665, andanother of 1577, obſerved by Tycho, For 
they have paſſed thro? almoſt the ſame Conſtellations ; tho this be more in- 
clined Northward, and cut the Ecliptick 5 or 6 Degrees more forward than 
that of 1665. So that it ſeems that 1n this Place of the Heavens there is, 
as *rwere, a Zodiac for Comets. nes 
CV. 1. Cometam novum D. Romer primùm advertit 28 Apr. ſt. n. 1677, A Comet, An. 
& me ſtatim de rei novitate admonito 4h 6' 31”, p. m. n. ejus Altitudi- 15. Ca. 
nem accepimus 129 22 10”. Judicavi eum fuiſſe in Verticali declinante ab a. 135. P. 868, 
Ortu ad Septentrionem 33? circiter. Die 29 mane, momento per nubes à 
D. Picardo viſus eſt, 3h 931“, p. m. n. in Altitudine 4839“. OX 
Die 2 Maii mane, Aſcenſione Recta Medi Cœli ex Fixis exiſtente 2679. 
Altitudo Cometæ erat 42 f“. Diſtantia Verticalis a Septentrione ad Ortum 
42 8“, circiter. Die 4 mane 3h 30. p. m. n. Altitudo Comete fuit 59 33“ 
Diſtantia Azimuthalis a Sept. ad Ortum 42“ 32“, circiter. 
Die 5. zh 32“, Altitudo Comet fuit 55 10. Diſtantia Azimuthalis a Sep- 
tent. ad Ortum 44? 100, circiter. 5 
Obſervationes quæ habitæ ſunt, Initio Comelam reponunt in Triangulo, po- 
ſtremo prope Caput Meduſæ, oftenduntque Cometam procedere {ſecundum 
Signorum Seriem per Lineam proximam, & fere Parallelam Illi quam de- 
ſoripſit Cometa An. 1590. Menſe Feb. Magnitudo Capitis, viſi Teleſcopio, 
videbatur fere æqualis Jovis Diſco, aut paulo minùs; nec perfecte Rotundum 
apparebat, ſed Figuræ Ovalis, longiore Diametro Horizonti parallelo ; quod 
Refractioni Horizontali videtur tribuendum. : 
Coma ejus, Teleſcopio viſa, Latior, & ferme Parabolica ; Nudo autem 
Oculo Anguſta, & parum Inflexa ad Occaſum, videbatur, | 
| Ws 113 » | 2, Produt 
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2, Prodiit hiſce diebus Sidus Crinitum, quod, prima vice hic Gedani 
die 27 April. manè animadverſum fuir. Die 29 Apr. oriebatur vel potius 
in Oculos incurrebat, Sh 52', Meſaquilonem verſus (4. e. N. E. b. N.) 
Capite quidem haud eo amplo, ſed tamen ſatis ſplendido, ex unico Nu- 
cleo clariſſimo compoſito, ad inſtar illius An. 1665. conſpecti. Caudam Lu- 
mine notabilem radlis divaricatis ſursim verſus, duorum ferè graduum, expo- 
nebat. Linea Directionis continuata Caudæ inter Alamac, Lucidum ſc, Pe- 
dem Audromede ejuſque Cingulum incedebat, & quaſi Diſtantiam harum 
Stellarum in duas zquales partes ſecabat. Verſabatureo tempore ſupra Caput 
Arietis in Triangulo, inter Apicem & Borcaltorem in ejus Baſt, nempein 59 Tauri, 
& in Latit. 12“ Bor. Diſtabat hoc tempore a Sole ſecundum Longitudinem 
tantummodò 35, Suo Circulo vero maximo 20. H incque cum adeò vicinus 
hic Cometa extiterit Soli, haud potuit longiorem C audam, utut mea opinione 
revera longe prolixiorem habuerit, oſtendere, imo ut puto proximis diebus 
aliquanto adhuc breviorem oſtendet. 

Apr. 30. Deprehenſus eſt in 9 F. & Lat. 182 Bor. totidemque ferè à 
Sole exiſtente in 12 8 Caudam rurſus duorum grad. & aliquanto longio- 
rem, ad Borealiorem in Baſi T. rianguli extenſam (quæ Stella planè in Cul- 
pide Caudæ per Tubos optime conſpecta) exhibebat. 

Die 1 Mai, 2b 32“. m. in 119 & repertus eſt, ſub Latitudine Bor. 189, 
in ipſa propemodum Conjunctione Solis, totidem quoque gradibus à Sole 
diſtans. Caudam adhuc ſatis lucidam referebat, ſed paulo breviorem, utut 
latiorem, quam ad lucidum Pedem Andromeda exporrigebat. 

A Die 29. Apr. qua primùm a me obſervatus, ad hunc uſque Diem 1 
Maii, Motu proprio propemodum 5? 300 abſolvit. 

Quantum ex hiſce Obſervationibus conjicere poſſum, fertur Motu directo 
ad ſinitrum Pedem Perſei, ſupra Taurum, ad Pedes Geminorum, ſi eo uſque 
perdurabit. Nodus Deſcendens verſatur circa 209 Geminorum (ſed ruditer 
id tantummodo refero) atque ſic ibidem _Eclipticam pertranſibit, fietque tum 
meridionalis ſub Inclinatione Orbitz 27 fere. 

Die 2 Man, veſp. 8h 457, etiamſi ea in parte Cœli nullæ adhuc Stella 
emicarent, intenſumque Crepuſculum exiſteret, nihilominus Cometam Tubo 
Optico protinus inveni. Paulo poſt, illum in Altitudine 35 3o', deprehendi: 
Caudam referebat, ratione Crepuſculi, valdè tenuem, quam inter utrumque 


Genu Caſſiopeæ, propius tamen /iniſiro, exporrigebat: occidebat ei Veſp. 
10h Circium verſus (4. e. N. N. W.) | 
Die 3 Maii mane, Cometa oriebatur Boream verſus (B. e. N. N. E.) 
ih 230 » quanquam Cauda paulo citius a nobis detecta, nempe 1h 18', verſa- 
batur in 14? N, cum Sole fere in ipſa Conjunctione, Latitudinem habens 179 
& tantam etiam Diſtantiam fere ab ipſo Sole. Caudam hàc die longe prolixio- 


rem & accuratiorem ſatiſque ſplendidam, 20 vel 30 ferè, oſtendebat. Hinc- 


que a me aluſque Spectatoribus viſu pollentibus nudo oculo ad 3b 34“ depre- 
henſus eſt, & Teleſcopio ad 3h 40“, in Altitudine 119 30, adeo ut Sv eo 
tempore tantummodo 69, infra Horizontem lateret, imo diutius illum vi- 
diſſemus, niſi Nubeculæ illum nobis erfpuiſſent. Motus diurnus decreſcere 


videbatur, quantum Canes abſque omni Calculo aſſequi potui : Nam 
inter 


„ > 
inter 29 & 30 April. 20 45 ferè extitit; inter 30 April. * 1 Mali 2 
150 „ inter 1 & 2 Maii 15 55'; inter 2 & 3 Maii 12 40“; fed ipſæ Ob- 
ſervationes Calculuſque id clarids oſtendent. Die 4 Mali veſp. Aere admo- 
dum ſudo 8b 33“, iterum Cometa detectus, ſed obſcurior paulo extitit, 
quam diebus præcedentibus, tum Cauda brevior. Die 5 Mai mane 1h 4 
Caudam Dextrum Genu Caſſiop. verſus exponens, verſabatur in 179 x, in 169 
Latit. Bor. pariter in tanta Diſtantia a Sole. Motus proprius a Die 3 ad 5 
Maii fuit fere 29 40', decreſcente Latitudine, ab ipſo Initio ſcil. fere ad 3“. 
ſic ut à 29 April. Motus proprius Cometæ ad 5 Maii propemodum fuerit 
129, Die 6 Maii mane commorabatur in 189 &, & Lat. Bor. 152 30'. Sole 
exiſtente in 17® ; Motus Diurnus erat 50' circit. Quoad Caput, quam 
Caudam multò tenuior ac debilior videbatur, ob Solem non niſi 165 a Co- 
meta remotum. Die 6 Maii veſp. viſus quidem Tubo optico 8h 35“ Cad: 
adhuc breviori & dilutiori ; ſed cum in decliviori Situ, atque in Crepuſculo 
intenſo exiſteret, nullo modo diſtinctè in nudos incurrebat oculos. 

Die 7 Maii deprehenſus primum 2h 220%, in Alt. 39, utut valde tenuis vi- 
deretur. Occupabat eo tempore 192 ; Motus ejus proprius magis magiſ- 
que decreſcebat, quantum colligere abſque Calculo dabatur. Die 8 Maii ma- 
ne ab Hor. 1. ſcduld nudis quæſitus eſt oculis, ſed nuſquam apparuit : Te- 
leſcopiotamen 12 ped. inventus, Caudam, quidem adhuc pre ſe ferens, ſed 
breviſſimam, paulo à Circulo Vertical; ſiniſtram verſus extenſam. Quantum 

Conjecturà aſſequi potui, verſabatur in 209 -, in Diſtantia a So 159, qui 
tum 192 w poſſidebat ; ſtabat fere hoc tempore in linea recta cum Humero 
Dextro Perſei & Algol Meduſe. Diameter Comete, ad Jovis Diametrum 
comparata, vix ad dimidiam partem accedebat. De Reliquo, Tubi beneficio 
ſatis erat adhuc conſpicuus, adeo ut eum ad 3h 45' dittincte conſpicere po- 
tuerimus, in Altitudine ſcil. 92 ferè: unde colligere datur, Arcum Viſionis 
vix 52 tum fuiſſe; Sol enim vix 5 ſub Horizonte hærebat, quo tempore 
omnes jam Stellæ, excepto unico ve, evanuerunt. Die 8 Mail velp. Come- 
tam nec nudis oculis, nec ullo Teleſcopio detegere amplius potuimus. 

3. The firſt certain notice I had of this Comet was on April 21. The 22 47 Greenwich ; 
of Apr. at about 2 a Clock after the Midnight following, I ſaw the Tai! hay ary 
raiſed almoſt perpendicular to the Horizon; ſoon after the lead appeared SES 

thro? a thin Vapour, from which the Tai/ pointed, as near as I could gueſs, 
upon the * in the Kue of Caſſiopeia, its Length being about 6 Deg. and 
Breadth at the Top of about 7 or 8 Min. Viewing the Head with a Tele- 
ſcope of 16 Foot, I found it was not perfectly round, but indented, and 
not near one Min. Diameter. Afterwards I haſtened to meaſ are its Diſtances 
from ſeveral fixed Stars; which were as follow, 


2 KN 


Diſtance of the Head of the 


„„ PW! 


1 
8 Fwy * n 


h. „ Bþ | | ö 9 1 
| 2 44 OO es Head and the Foot of Androm. Alamech —— | 11 26. 0]. 
2 47 15 That Diſtance repeated — — 11 26 50 
2 55 3 [Its Head from Capella — — i 
| 2 59 10 | repeated{31 1 24 
3 12 2|lts Head from Algol in Modu 9 — 18 16 54 
1.3 24-22 from Mirach | — — 119 35 ol 
1 from Alamech again e 111 33 30 
3 36 20 from Capella again —— — 130 59 45 


At 4h 212 71 n. the height of the Comet was about 5z, therefore the 
Come: from A gol corrected by Refraction, 89 19“. 
from Mirach 19 37 
And admitting with Hevelius the Place of Mirach now in Y. 212 40' 
34 wich North Latitude 2 5® 57', its Diſtance from Ago! will be 232 42” 
40“, and the Place of the Head of the Comet in & 142 of , with North 
Latitude 172 8“. ä 
At zh 28”, I ſtate the corre Elance of the Comel's Head from Capella 
312.00 ; from Alamech 119 40“; and therefore its true Place in & 149 50'z, 
with North Latitude 179 6' 25” : agreeing very well with the Place de- 
rived from the former Diſtances from two other and different Stars. 
The Tail was not, It leems, directly oppoſite to the Sun for the Sun's 
Place. was NOW v 139 7'; but the Comet being in 149 47' of the ſame Sign, 
that is 1? 40“ in the Conſequence of the Sun, the Tail ought, if it had been 


exactly oppoſite to the dun, to have lain! in Conſequence of the Head; but 
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the Knee of Caſſiopeia is now in &, 139 24, in Antecedence of the Comet, | 


whoſe Tail lay not therefore in Conlequence, but in Antecedence of the 
Line paſſing thro? its Head and the Sun, at about an Angle of 109. 
Next Night, being that following the 23 of April, about 4 of an Hour 


after two, its Tail appeared much ſhorter than laſt Morning : At 2h 51', 
its Head was from Mirach 2109. Hence, and from a Courſe of Obſerva- 


tion of it ſent me by an ingenious Friend, I found i its Motion was direct, 


and its Latitude deoreaſing. 


CVI. Nuperum Com zetam obſervavi primum m. ante Solis 94 a Die 2 
ad 4 Dec. An. 1680. deinde veſp. a 24 Dec. ad Aguinoctium Vernum. Ma- 


ne verſabatur in =, & m ſub Latit. Auſtrali. Veſperi vero in W. g, N, V. & 


V. ſub Latit. Bor. 


CVII. Plurimas Sanden a Fixis, tum Altitudines Nuperi Cometæ Meridia- 


nas, impetravi: quas autem omnes hic recenſere nimis longum foret, nec vacat 


eas rigidiori Calculo ſubjicere. Sufficiat hac vice dixiſſe Cometam hunc hic Ce- 
dani, Die 25 Aug. ſt. n. 1682. primum nn _ a Die 26 Aug. ad 17. 
Septemb, 


„ 
Septemb. debite a me obſervatum eſle. Qua via autem, qua velocitate, ſub 
quo Angulo Orbitz & Eclipticæ progreſſus fuerit, ex adjecta Tabella patet ; 


quam tamen (quod ſcias velim) non ex accurato Calculo, ſed ex Globo tan- 
tummodo Laxiori Ratione concinnavi. | 


TO A . | pay 
Men . | 0 | | | | as | Morus D. | 
EY Y. Long. Comete. | Lat. Comete. Motus in Pro. nw ali. 
dies. | 1 Orbit. quanto Ace- 
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| K 25 20 Bor. 13 20. — 

Aug. 30 9 © Veſb. 22 O K 25 40 Bor. 3 30 — [5 46 

Aug. 31] 3 30 Man. 24 30 K 26 o Bor. [2 20 — | 5 50 
3 30 Man. x o 26 g ere 5 45 

9 O Ve. 6 o fere w [25 40 Bor. 4 45 — 


Sept. 8 30 Veſp. 20 o fere M 24 30 Bor. [11 30 — 40 
] Sept. — ess. | — o·—ä¼ — —ę-:. 34 
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20 30 Bor. 15 o — 
18 15 Bor. 9 fere 
17 15 Bor. | 3 30 — 
15 45 Bor. | 3 o fere 
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8 30 Veſp. 15 30 
8 o Veſb. 118 30 
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Sic ut Motu Proprio in ſua Orbita confecerit à Die 26 Aug. ad 13 Sept. 

839 27'3 & in Ecliptica 919 zo“, Latitudo vero Borealis creverit ad 269, 
rurſus decreverit ad 12“ 30“. | 

Not. Nodus Boreus in 24% &, & Nodus Auſt. in 24% mw: Limites vero 
in 24 N & W. extiterunt. Angulus Orbitæ & Ecliftice fuit 269 fere. 
Utrum autem toto Durationis Tempore omnino conſtans cum Nodis extite- 
rit? An vero & quouſque ſeſe variaverit? ut ſæpius fieri ſolet, ex Calculo 
patebit. 3 | l 

Toto Durationis Tempore, Lucidius ac etiam aliquanto Majus Caput 
quam iſte An, 168 1. e contrario multo Breviorem Caudam exhibuit. * | 
ipſo Capite, beneficio longioris Teleſcopii, non niſi unicum Nucleum Figure 
Ovalis & Gibboſæ conſtanter notavimus; niſi quod Die præſertim 8 Sept. ex 
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(448) 5 
dicto Nucleo clariſſimus ſimul Radius, ex parte etiam incurvatus, in Caudam, 
exiret; quod notari meretur, cum ejus generis faciem in nullo adhuc Cometa 
(quantum memini) obſervaverim. Præterea ſciendum, quod nonnunquam, 
Fig. 156. ut Die 30 Aug. mane, Caudam ſatis preciſe in Oproſitum Solis direxerit; 

ſed ſæpius etiam notabilem Deviationem (prout in plurimis Cometis ſæpius 
fieri ſolet) exhibuerit. Longitudinem quoque Coma non ſemper eandem 
conſervavit. Initio Cauda ferè 129 videbatur; deinde nonnunquam brevior, 
interdum etiam longior ad 152 & 16 extitit: circa finem vero quotidie di- 
minuta eſt. 1 8 To 


A Comet. An. CVIII. Die 30 Jul. An. 1683. 11h 3o', in Novo noſtro Sydere, Tigride 
pr ork 7 z. vel Lynce, Sydus Crinitum hic Gedani deprehenderem, Caudam haud adeo 
Hevelius, Longam inter Stellam Polarem & Cafſiopeiam ſurſum cum aliqua Inclinatione 
b. . ge. exporrigens: conſtituebat lineam Rectam cum Suprema Capitis Aurige & 
Dextro Humero Perſei, non minus cum Ventre Urſe Majoris & Dextro Hu- 
mero Aurige ; item cum Media Caudæ & Latere Urſæ majoris. Deinde 
Tubo 10 pedum arrepto, iſtud Phænomenum contemplatus ſum : Caput 
erat quidem ſatis amplum, ſed Materia non admodum condenſata; ſic 
ut nullus lucidus Nucleus, neque diſtincta Corpuſcula, ut quidem alias in 
plurimis aliis deprehenſum eſt, in eo apparerent. 1 2h fere, Altitudo ejus 
erat 192 57 | 9 5 „ 
Die 31 Ful. veſp. ſcil. 12h go', Altus cum eſſet 21928“, rectam cum 
Pede Aurige & Capella conſtituebat. Cauda erat dilutiſſima, ac rarior 
quam die heſterna, ſed paulo longior. 8 
Die 4 Aug. mane; Removebatur eo tempore tanto ſpatio a Dextro Hu- 
mero Aurigæ, quanto alias diſtat dictus Humerus a Capite Hædi. Cæterum 
Siniſtra Tibia Perſei, Capella, & Cometa, Rectam referebant. : 


* 


Die 16 Aug. veſp. hora ferè 11. Comets inter quatuor Stellulas verſabatur, 
quarum una à parte Cometæ ſuperiori, in ipſa Conjunctione, non niſi 1“ di- 
ſtabat, adeo arctè limbo adhærebat: quo tempore ſimul Diametrum Co- 
metæ Micrometro meo dimenſus ſum, nimirum 6“ 5“ exiſtere. | 

Die 20 Avg. veſp. breviſſimam ac rariſſimam Comam inter Capellam & 
Caput Hædi exporrigebat. f . 

Die 20 Aug. veſp. Utroque Hædo erat viciniſſimus, ita ut cum his Tri- 
angulum fere æquilaterum conſtitueret, cujus Latera fere Diſtantiam Hædo- 
rum (quæ eſt 47 circ.) æquabant. Ad hæc, Cometa cum Capella & illa in 
Planta Dextri Pedis Perſei, Triangulum Æquilaterum, cujus Baſis erat Di- 
ſtantia dictarum Fixarum, exhibebat. 1 

Aug. 24. veſp. verſabatur inter Capellam & Pleiadas, ſic ut à Capella & 
Pleiadibus in eadem fere Remotione videretur. Deinde Capella, Cometa, & 
Pleiades; item Almanac Caput Meduſz, & Comela; nec non Dexter Hume- 
rus Aurige, Cometa, & Sequens Siniſtri Pedis Perſei, Lineam fere Rectam 
conſtituebant; in hac tamen ultima conſtitutione, Cometa fere infra paulo 
rectam jam incedebat. | eats r 

Aug. 25. veſp. cum Capella & Cap, Hædi rectam fere conſtituebat. 

| | Aug. 
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Aug. 29. rh f/. mane, plurimis minutiſſimis, & clariſſimis Fixis ſtipatus 


erat, nempe Sellis Subieſcianis, atque à Cuſpide Occidentali Pleiadum ſur- 
ſum verſus, non niſi 42' 35” removebatur. 3 
Eadem die veſp. longe jam promotior contra S. S. ſpatio ſcil. 24 hora- 
rum, ad 4 fere reperiebatur. 1 | | 

Aug. 30. veſp. Cometa à Stellula quadam bene conſpicua non niſi 32' 41” 
aberat ; & cum Miſca & in Baſi Trianguli, deinde etiam cum præcedente 
in Pede & illa in Genu Perſei, conſtituebat rectam. 

Sept, 2. mane, Cometa inter Pleiadas & Nodum Lini verſabatur, conſtitu- 
ens Lineam rectam cum Muſca & Lucida Mandib. Ceti, & cum infima in 


Armo x, & Mandibula, Triangulum fere æquicrurum, cujus Vertex dicta 


erat Mandibula, Præterea quoque Lineam referebat rectam cum duabus in 
Fronte Ceti; tum tanto fere ſpatio ab Occidentaliori diſtabat, quam alias 


utraque ab invicem removentu ur. 
Hac die iterum Diametrum Cometæ Capitis Micrometro diligenter dimenſus 


ſum, 9“ 7”. die 16. Aug. eodem Micrometro obtenta tantumodo 6“ 5“, 


ſic ut notabiliter ſpatio 17 Dierum creverit. Non nemo diceret id factum 


eſſe, quod in ultima Obſervatione vicinior multo fuerit Terræ: Atque 


ideo clarius & lucidius Caput exhibere debebat, præſertim ſi Corpus eſſet 


æternum (ut quidam ſtatuunt) quod rurſus certo tempore abſoluto ſuo cir- 


culo, nobis in Conſpectum redit. Sed è contrario Caput longe obtuſius, 
rariuſque ultimo extitit, ſic ut diſtinctiſſimè notari potuerimus materiam 
Capitis ſenſim ſe diſſolvere; id quod autem multo melius cum noſtra conve- 


Sept. 4. mane, videbatur Cometa in Linea exiſtere Recta cum illa in Fronte 
Occid. Ceti & Lucid. V; item cum illa in Ore & Mandibula Ceti; ad hæc 


fere Triangulum æquilaterum cum illa in Ore & ad Genam Ceti conſtituebat. 
De cætero autem ex optato mihi extitit; quod Altitudinem Meridianam in 
Auſtro exactiſſimo Quadrante, Hora, viz. Matutina 3h 40', fere nimirum 


38 15' elle impetraverim. 
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Ex quibus nunc luculenter videre eſt, Cometam hunc continuo contra S. S. 
inceſſiſſe; fic ut in Ecliptica 630 55', in ſua vero Orbita 749 35“, peragrave- 
rit, ſub Angulo, viz. Orbitæ & Ecliptice 399 fere, ſub Angulo vero Orbite 
& Equatoris 569, Latitudo Initio 299 15” Bor. & ultimo 119 20' Auſt, 
extitit, adeo ut ad 41* ferè eam variaverit. 1 

De Capite hoc notandum habeo, quod Initio, quoad Diametrum, longe 
minus quam ultimo; e contrario Initio longe lucidius, quam circa Finem 
extiterit; nullos tamen diſtinctos & fulgentes Nucleos, prout in plurimis vi- 
dere nobis obtingit, exhibuerit, ſed confuſam materiam, & circa Finem mul- 
to tenuiorem. Jure hic Comela (cum plerumque abſque omni Cauda viſus) 
inter Sidera Comata, vel Crinita, ſive inter Barbata & Hirces refertur. Nam 
non niſi ad 18 Aug. breviſſimam & dilutiſſimam Comam ſurſum verſus ex- 
porrigebat; quæ poſtmodum vero omnino evanuir. 5 


CIX. Novus Cometes nuper Czlo viſus eſt d Lynceo oculo Abb. Blanchini, A Comet, as 


Diſcipuli Cl. Geminiani Montanarii, Cometes parvus quidem, ſed in ſua Orbita 


optico exceptus, luminoſior. 

Jun. 30. it, n. An. 1684. Cometa primum mihi viſus eſt, in grad. 9, cum 
aliquibus minutis Libræ, Latitudo ejuſdem Borealis fuit graduum 8, & 
aliquot minutorum. . | 


_—_— 
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Quatuor ultimæ meliori indigent Calculo, nam aliquis fortaſſe Minuto- 
rum Error irrepſit. Obſervatio Diet Primi Jul. accuratiſſima eſt ; Comela 
enim Teleſcopio apparuit una cum Stella /7rginis, quæ Bayero inſcribitur 9, 
& accidit ſub Cingulo Septentrionalis Partis prime. Omnium certiſſima 
eſt Obſervatio Diei ſextæ, qua Die Arcturus in Tubo optico ſimul cum 
Comela conſpiciebatur. Die pariter 14. Cometa & Stella x, in Colorrobo Beotis, 


ſeu Venabulo, ſubter Humerum, uno Intuitu detegebantur. | 
Hh M m m 2 CY. 


1684. atRome , 
by S. Ciampini. 


regularis apparuit, Lumine tenui, & tanquam Stella ſubobſcura ; at Tubo »: 169. p. 920. 
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A Comet. an. CX. Sept. 8. ft. v. A. 1686. 4Þ mane, about Day-break, M. Kirk found 
en this Comet in the Conſtellation of Leo, to the Right-hand of the Lucida in 
Kirk. „6. Lumbis &, (as it is conceived, for the Latin Copy is defective in this place) 
8 reſembling that Star in Colour and Magnitude, with a thin and ſhort 
Tail extended upright. Over the Comet in the ſame Vertical was the Star of 
M of Bayer, or 21 Tychoni, diſtant therefrom, by the Micrometer, exactly a 
Degree; and a Line drawn from the Lucida in Lumbis & to the Comet, paſſed 
much about half a degree to the Right-hand of the 9 Leonis. The Diſtance 
of the Comet from Regulus taken by a Radius was about 17%. The next 
Morning Sept. 9. at 3h 58”, the Diſtance thereof from d d& was found by 
the Micrometer 29 23'+, and at 4h-40', again 2® 25'4, To verify the 
Times, the Altitude of the Lucida in Lumbis A was obſerved 119 10', at 4 
8“ mane, A Right Line drawn by the Comet, and the ſaid 9 Leonis towards 
g Leonis, or the Lucida Colli, left that Star a little to the Right-Hand. 
This Comet was ſeen by a Countryman, who firſt gave Notice thereof, 
from the 62h to the 127 of Sept. 
The Reſult of theſe Obſervations is, that the Comet was direct in Motion, 
that it mov'd about 14 Degree per Diem, and that it ſeemed rather to de- 
ereaſe in Latitude. On the 715 of Sept. it was about 24“ diſtant from 9 Leo- 
xis, hut its bearing therefrom is not ſet down. 5 | 
This Star, g K, was then. in 99 2' of N, with North Lat. 99 41'z, 
Whence at the time of the firſt Obſervation it may be concluded, that the 
Comet was in 965“ of np, with North Lat. 9 150. And at the 24 Obſer- 


vation, the Longitude of the Comet will be found about 11 20 of WM, with . 


much the ſame North Latitude as before. | 
Aconet. dn. CCXI. Leb. 19. ſt. n. An. 1699. in Objervatorio Regio Pariſienſi, videri | 
159g. af Pais cœpit exiguus-Cometa, inſtar Stelle nebuloſæ tertiæ Magnitudinis, illi 
by M. Caſſini. 3 of Ss : | | 3 
». 280. p. 79. Perſimilis quæ Menſe Sept. 1698. fuit obſervatus. 
Situs erat inter Stellas informes 6 Magnit. prope Circulum Polarem Arcti- 
cum ſupra Caput Aurige, æquali ferè Intervallo inter Cubitum Occidentalem 
Perſei & Caput Majoris Urſe 3: illas adſcribit Tycho informibus circa Va 
Minorem. Continuatis Obſervatiombus, . viſus - eft, Proprio Motu, Iter 
ſuum dirigere Capellam verſus, cum exigua Deviatione ab ejus Circulo Decli- 
nationis. Ea erat ejus Velocitas, ut unius Diei Spatio, Septem circiter Gra- 
dus magni Circuli perficeret, quo Motu potuit ante Dies 4 ipſi Polo fermè 
adhærere, & Stelle Polari ſociari. | 
Hora 6. p. m. n. Comparavimus Cometam cum Stella 6 Mag. quam Tycho 
_ appellatSzcundam earum que funt in Linea Recta cum- Polo; Cometa in Tran- 
ſitu per Circulum Horarium præcedebat hanc Stellam Min. Hor. 15' 53”, 
quibus dabitur Differentia Ajcenſionis Rectæ 49 43'; erat autem Septentrio- 
nalior eadem Stella 8“. Unde ſuppoſita hujus Stellæ Longitudine & Latitu- 
dine Tychonica ad hoc Tempus, Cometa refertur ad 159 51' Gem. cum Lati- 
tudine Sept. 37 2g“. r A 
Movetur Cometa hic ad Czli Partes oppoſitas illis ad quas tendebat Comets 
An. præteriti, cum eſſet ferme in eadem Diſtantia à Polo in qua noſter hic 
cum primum viſus eſt, nec valde ab eodem loco remotus. Comelaa 
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Cometa autem Menſis Sept. eandem proſecutus eft viam quam inter Sidera 

tenuerat Cometa An. 1652, a Nobis Bononiæ Obſervatus, cujus Occaſione edi- 
tis Literis ad Sereniſſimum Fran. Eſtenſem Mutinæ Ducem, eam viam per ea- 
dem Sidera quæ noſter tenuit Au. 1698. diſtinctè deſcripſimus. Ille Menſe 
Dec. ab Auſtralibus Cæli partibus per Aſtra Leporis, Orionis & Tauri, ubi 
Eclipticam ſecuit cum Inclinatione 76, & per Perſeum & Caſſiopeiam pervenit, 
ubi videri deſiit Menſe Jan. An. 1653. Hic videri cœpit Initio Menſis Sept. 
in eadem Caſſiopeæ Parte, ubi ille videri deſierat, indeque pergens per Humeros 
& Bracbia Cepbei, ubi Latitudinem maximam ab Ecliptica habuit 769, tranſit 
inter Draconem & Cygnum, per Pellem Leonis in Hercule, per Ophiucum, uſque 
ad Conſtellationem Scorpii, quam tenebat in ultimis Obſervationibus à Wie 
24 ad 28 Sept, habitis. Ex his autem Obſervationibus collegimus Cometam 
hunc Perigeum obtinuiſſe Die 7 Sept. Veſperi, cum maxima Velocitate Ap- 


parenti ferè 10, .untus Diei Spatio. 
XII. Papers of leſs. General Uſe Omitted. 


1. The Conſtellation of Cygnus, with the New Star in Pefore in it, by Cygnus. N 21. 
Hevelius; together with the Names of the Stars in that Conſtellation by P. 2288, 245. 
Tycho and of thoſe added by him/elf. „ „ 
22. Mr. Hamſteed having peruſed Mr. Street's Diſcourſe, and conſidered the r 
Contrivance of his Moon-MWiſer, aſſures, that for the Motion of Longitude arent arp | 
tis the very ſame, and for the Motion of Latitude not much better than“. 116. p. 368. 

Mr. Horrox's. „„ 
But Mr. Flamſteed hath thought of another Contrivance, that will ſhew 
the Moon's true Place to a Minute. | | 

3. I. The more Notable Cæleſtial Appearances calculated, by Mr. Flam- Calzſtial Phe- 
ſteed, for the Near 1670. | | 5 e eee 


| | ted. ä 
2. The ſame for the Tear 1671. a. g. 05s · 
e 8 
4. The ſame for the Tear 1673. nu. . 
g. The ſame for the Zear 1674. 3 


4. 1. The Eclipſes of the Satellites of Jupiter viſible at Uraniburg the laſt Feli 22 1 
four Months of the Zear 1671. calculated by M. Caſſini. n. 75. 5. _— 

2. The Eclipſes of the Setellites of Jupiler viſible at the Obſervatory at“ 25% J. 352. 
Greenwich in the three laſt Months of the Zar 1683. calculated by Mr. : 
Tlamſteed. OG IL s 

3. The Satellite Eclip/es calculated by Mr. Flamſteed for the Tear 1684. 1. 1546p: 404" | 
4. The ſame for the Near 1685. TOE 00 

5. The ſame together with the Parallaxes of Zupiter's Orb and his Geocen- | 

trick Places, for- the Zear 1686. | 

6. The ſame for the Near 1687, 5 | n. 184, P. 196. 

7. The Satellites Eclipſes calculated by Mr. Halley, for the Tear 1688. » 151. p. 435. 
5. 1. An Account of the Ephemerides of the Comet, A. 1665. calculated Comers, 1. 1. p. 3. 
by M. Auzout ; and the Princitle of his Hypotbeſis diſcovered by M. Caſſini... 2. p. 15, ws. 

2. An Account of the Epbemerides of. the Comet, Ad. 166. Calculatedn- 3. p. 36. 

by M. Juzont, — | 


( 45 4 50 
CXIII. Accounts of Books and Emendations, Omitted. 


5. 702. f. 40. 1. A new Size of Globes about 1 5 Inches Diameter rectified by R. Mor- 
den and Vill. Berry. 
Phil, Col, 2. A Repreſentation of the Heavens in two large Hemiſpheres of 30 In- 


», 1, Pp. 44 ches Diameter, oh. earns Proje ed upon the Plane of the Æquinox; 
by Mr. Fr. Lamb. | 


. 90. 5. 3% 3. Deux Machines propres a faire les Quadrans, avec tres grande facili, | 
par le P. Ignace Gaſton Pardies, S. J. à Paris, 1673. in 129. 
2.184. P. 213. 4. Sciotericum Telejcopicum, or a new Contrivance of adapting a Teleſcope 


to an Horizontal Dial, for Obſerving the Moment of Time by Day or 
Night; by Will. Molineux R. F. S. Dublin, 1686. in o. 
6. 241. P. 24% £5. The Meridian Line of the Church of St. Petronio, drawn and fitted 
for Aſtronomical Obſervations, in the Year 1655, reviſed and reſtored i in 
the Jar 1695; by Fo. Dom. Cafini. At Bononia 1695. Tol. 
„. 66. p. 2928, 6. Joa. Hevelii king cæleſtis Pars prior, Organographiam Aſftronomicam 
».99. P. 6171, Plurimis Iconibus illuſtratam & exornatam exhibens, Wc. Gedani 1673. in Fol. 
1. 409. 1 f. 7. Animadverſions on the Firſt Part of the Machina cæleſtis of Joa. Hevelius, 
together with an Explication of ſome Inſtruments made by R. Hook, P. of 
1. 111. . 243. Geometry in Greſb. Coll. and R. S. S. London 1674. in 4to. Dr. Wallis's Let- 
ter to M. Hevtlius, concerning Diviſions by Diagonals there inſerted, but faul- 
ly, is here Reprinted more correctly. 
=. 155. f. 1162. 8. Joannis Hevelii Conſulis Dantiſcani Annus Climactericus. Gedani 16 3 
Fol. Wherein (among other Things) M. Hevelius vindicates the Juſtneſs of 
his Celeſtial Obſervations againſt the Exceptions by ſome made to the Accuracy 
15. p- 1164. f them. The Controverſy between Him and Dr. Hook, about the Uſe of Te- 
111. p. 244 leſcopick and Plain Sights, and Dr. Walliss Calculation, for Dividing the Limb 
. 175. p- 1176. of Inſtruments by Diagonale, are alſo here Abridged. 
9. Excerpta ex Literis Il]. & Clariſſ. Virorum ad Nob. Ampliſſ. & Con- 
»-150.P. 393 ſultiſſ. D. Fo. Hevelium Conf. Gedanenſem perſcriptis, Judicia de Rebus Aſtro- 
| nomicis, ejuſdemque Scriptis, exhibentia; Studio ac Opera Toa. Erici Olhoffii 
Secretarii Gedani 1683. in 40. 


| 10. A Deſcription of the Helioſcop, and ome other Inſtruments, made by 
v. 118. p. 440. R. Hook, R. S. S. Lond. 1075, in 410, £4 
11. The Sphere of M. Manilius made an En oliſh Poem, with Annotations, 
and an Aſtronomical Appendix zeby Ed. Shirbain Eſq; Lond. 167 5. in Fol. 
. 401, p- 2337 12. Albatenii Obſervationes Aſtronomice, Quas ex Arabico in Latinum 
| Tranſtulit Plato Tiburtinus. Noribergæ 1537 ; & Bononie 1645. The-Arabick 
6. 204. P. 923. Copy of thoſe Obſervations does not appear, whereby that Tranſlation might 
be examined: But Mr. Halley, by calculating Tables from the Principles 
there delivered, hath here Kfrvered and corretted above 30 conſiderable 
FT.aults in a few Pages. 

NA 13. Hiſtoria cœleſtis; ex Libris & n MS. Obſervationum Vi- 
cennalium Tychonis Brabe, Dani. Auguſte Vindelic. Ann. 1666. in Fol. 
De p27 14. All the Manuſcripts of the famous Kepler, (both publiſhed and unpub. 

; .& 29+ liſhed) Which are purchaſed, and — preſerved by M. Hevelius. 


135. Je. 


EEſtivum, An. 1695. aliquot Obſervationibus Aronomicts detecta. Holmig@, 
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15. Jeremic Horroccii Augli Opera Poſthuma: unacum Cuil. Crabirgi Ob. ». 87. f. 5028, 
ſervationibus Cceleſtibus,necnon Jo. Flamſteediide Temporis A£quatione Diatri- 
ba, Numeriſq; Lunaribus ad Novum Lung Syſtema Horroccii. Lond. 167 2. in 

to, | 

16. Aſfironomia Reformata. Auctore Joan. Bapt. Riccioli S. J. Stephanode Ant- u. 22. fl. 394+ 
gelis, conceiving the Arguments of this Author, againſt the Motion of the »- 36.5. 693. 
Earth, to be none of the ſtrongeſt, taketh Occaſion to let the World lee, that 
they are not more eſteem'd in 1taly, than in other places: Manfredi, in behalf 
of Riccioli, endeavours to anſwer the Objections of Angeli, and this latter re- 
plies to Manfredi s Anſwer. The Subſtance of which Controverſy is here given 
7 Mr. Ja. Gregory; with ſome Remarks and Explications of his on upon it. 

An Attemptto proye the Motion of the Zarth from Obſervations, made *. 12. 
by K. Hook, F. R. S. Lond. 1674. in 4. The Method of this Undertaking“ .. . 
is approved and commended by M. Chr. Huygens, and M. Cafjini. | 

18. Nicolai Mercatoris Holſati, è Soc. Regia, Inſtitutionum Ajtronomicarum n: 125. f. Cr. 

Sn duo. Lond. 1676. in Octavo. 

Annales Cœli & Temporum perpetui, five Myſteria Altrouoma-C Hrono- n. 104. b. 77 
3 71 a Seculo abſcondita nunc per Dei Gratiam detecta & evidenter aſſer- 
ta, Libris tribus. Kiloni. This Book is Preparing by Dr. Waſimuth. 
20. A Catalogue of Fixed Stars with their Longitudes, Latitudes, and“ “ . 45 
Maenitudes, according to the Obſervations of Uleg Beig. Oxford 1666, „ 141. 5. 1032. 
21. Catalogus Stellarum Alſtralium, five Supplementum Catalogi J. yehonici | 
exhibens Longitudines & Latitudines Stellarum Fixarum, qua prope Polum 
Autarcticum fitæ, in Horizonte Uraniburgico, Tycboni inconſpicuæ fuere. Au- 
thore Edm. Halleio, è Col. Reg. Oxon. in 410, 
22. Congietture Pby/ico Aſtronomiche della Natura del Univer/o ; da Pietro a 6 g. 201% 

M. 2 in Faenza 1669. in 440. 

Dh . Proſe de Signori Academici di Bologna, in Bologna 1672. in 40⁰. . 
1 5s Diſcourſe concerning the admirable Changes and other Novelties 
obſerved in the Heavens. 

24. Iſmaelis Bullialdi ad Aſtronomos Monita duo. Primum de Stella MPS, a6. atv 
quæ in Collo Ceti ante An. aliquot viſa eſt. Alterum de Nebuloſa in Andromed@ : 
Cinguli parte Borea, ante Biennium iterum orta. Approv'd by M. Hevelins, 1. ag. f. 469. 

25. Three Letters of Jo. Dominicus Caſſiuus, concerning his Hypotheſi: 5 Of „, 84. þ. coor. 
the Sun's Motion, and his Doctrine of Refra#ticons. At Bononin, in 410, 
2056. Refractio Solis Inoccidui, in Septentrionalibus Oris circa Solſtitium, 


n. 89. p. 5127 


1233.1 731. 


in 5 Tranſlated into Engliſh, Lond. in 8 vo. 


Tabularum Aſtronomicarum Pars prior; de Motibus Solis & Lung nec- 1. 191. 2. 443- 
non 12 Poſitione F!xarum, ex ipſis Obſervationibus deductis: Authore Ph. 
de la Hire, Paris 1687. in 44. Some Animadver/ions on it are here inſerted. 
28. 1. The Koyal Almanac for the Year 1675 : by IN. een in 129 

2. ———— For the Zear 1676. 17 5 


*--:,2, 108. p.192- 


| 1. 120. p. 490 
3. For the Year 1677. . 130. 5. 774. 
29. Ephemeris, ad Annum 1686, exactiſſime ſupputata- Land. in 8e. 1. 179. pa 35* 


30. The Celeſtial World diſcovered, or Conjectures concerning the Inhabi- ». 256. b. 337+ 
tants, Plants, and Productions, of the H/crids in the Planets. W ruten in 
Latin by M. Chr. Huygens. in Svo. 1. Rag- 


„ 1 . . 31 ."Ragguaglio de Nuove Obſervationi da b. Gioſeppe Cam pani. This Book 


5. 903, Nn. +» 
f. %% 


. 5. 24. 
8. 35+ þ- 688. 
n. 44. p. 892. 


. 214. þ- 256. 


1. 134: P. 883. 
u. 6. p. 04. 
1. 17. P. 301. 


n. 48. p. Soy. 


35.5. 691. | 


n. 53. p. 1069. 


1. 53. p. 1971+ 


©" ls 139 · P. 980. 


15. 986. 


Ph. Col. n. 4. 
P. 106. 
Th, P. 114. 


13, 2. 11 6. | 


Ph. col. u. 7. 
2. 196. 
g J. 9.199. 


0. 149. P. 272, 


was anſwer d by M. Auzout, who gives his Opinion of Campani's Glaſſes, 


and his new Ob/ervations of Saturn and Jupiter made with them: To this S. 
Campani publiſhes a Reply, and M. Auzout his An:madverſions thereon. 


32. 1. Ephemerides Mediceoru n Siderum, ex Hypotheſibus & Tabulis. 
Jo. Dom. Calſini, Bononiæ 1 668. in Fol. The like Tables have been formerly 


publiſhed by the Learned JF. Bapt. Hodierna at Rome, about 1656. 


2. The Table of the Eclipſes of the Firſt Satellite of Jupiter by M. Caſſini, 
publiſh'd at Paris in the Recueil d' Obſervations faites en pluſieurs Voyages pour 
78 fectioner Þ Aſtronomie & la Geographie, being not printed with the uſual 


Care of the Imprimerie Royale, Mr. Halley here amends ſome of the Errata. 


33. Martis, circa Axem proprium revolubilis, Obſervationes Bononiæ I 
Joa. Dominico Calſi no habitæ 1666. Here M. Caſſini judges it evident, that 
the Period of this Planei's Revolution is not performed in the Space of 12 
20“, but in about 24h 40“; and that thoſe, who affirm the former, muſt 
have been deceived by not well diſtinguiſhing the two Faces. 

34. Mercurius in Sole viſus; a Fo. Hevelio, Ged, 1662, 

35. Prodromus Cometicus ; by Hevelinss © 

36. Joannis Hevelii Deſcriptio Comet, An. Fra Chriſtiane 1665, exorti : 
una cum Mantiſſa Prodrom: Cometici, Obſervationes omnes Prioris Comet# 
1654, exiiſque genuinum Motum accurate deductum, cum Notis & Ani- 
madverſionibus, exhibens. | 1 Es 

37. Jo. Hevelii Cometagraphia. Dantzick, in Fol. 373 

38. Staniſlai de Lubienietx Theatrum Comelicum. Amſtelad. 1668. in Fol. 

39. Del Movimento della Cometa, apparſa il meſe di Decembri 1664. da 
Pietro Maria Mutoli, in Piſa, in 40. | En 

40. Eraſmi Bartholini de Cometis, An. 1664 & 1665, Opuſculum; ex 
Obſervationibus Hafniæ habitis adornatum. Hafniæ, in 410. | 
41. Joh. Walliſii, De Cometarum Diſtantiis inveſtigandis. Lond. 1678, 

42. Lectures and Collections made by R. Hook, Sec. of the R. S. Lond. 


1678. in 40. ? 


4.3. Obſervat. of the Comet of 1680 and 1681. made at the Col. of Cler- 
mont; by P. J. de Fontenaye S. J. Profe. of Mathematicks, Paris, 1681. 
44. A Treatiſe concerning the late Comet, publiſhed at Turin, 1681. 
by Donato Roſſetti, S. T. D. Canon of Leghorn, and Tutor in Mathematicks 
to the Duke of Savoy. 15 Fa 
45. An Explication of the Comet which appeared at: the End of 1680, 
and in the Beginning of 168 1. upon the Obſervations of D. Anthelme, Car- 
thuſian of Dijon. At Dijon, 168 1. in one ſingle Sheet. 
46. A ſmall Diſcourſe about Comets, publiſned in the Higb Dutch at Nu- 
renburg 168 1; by a Lover of Aſtronomy. | A 
47. A new Introduction, ſhewing how the Motions of the Comets may be 
reduced to ſome certain and Geometrical Rules, ſo that their Appearance 
may be predicted: in High Dutch; by Ja. Bernouly, at Bazil. An. 168 1. 
48. Joannis Jacobi Zimmermanni Cometo. ſcopia. Or, Three Aſtronomical 
Relations concerning the Comets that have been ſeen in the Tears 1680, 
1681, 1682, S/utgard, 1682, in 400. — CHAP. 
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CE I I I EC TILED 
| EHAL Y. 


ME CHANICE²ES. ACOUSTICKS. 


2 771 


2 
— 


> 7 ſit . 
2. Ergo ſi Vis ut V moveat Pondus p; Vis n V 

RS movebit m P, cæteris paribus, puta per candem Lon- 
gitudinem eodem Tempore, 6. e. eadem Celeritate. 

3. Item ſi Tempore T moveat illud per Longitudinem L; Tempore 
a T movebit per Longitudinem * L. 

4. Adeoque fi Vis V, Tempore T, moveat Pondus P, per Longitudi- 
nem L; VismV, Tempore 1 T, movebit 11 P, per Longitud. L. Et 
propterea, ut V T (Factum ex Viribus & Tempore) ad PL ( Factum - 8 
Pondere & Longitudine) ſic n VT, ad mn PL. 

5. Quoniam Celeritatis gradus ſunt Longitudinibus eodem Tempore 


tranſactis Proportionales, ſeu (quod eodem recidit) Reciproce Proportionales 


s 3 N 


—C. 5. e. Gradus Celeritatum, in ratione compoſita ex directa Longitu- 
7 


Temporibus eidem Longitudini tranſigendæ impenſis : erit : C: 2 — 


dinum & reciproca Temporum. 


6. Ergo propter V T : PL. VT PL. erit V: 1 nV: 


2 :b.c e. V: PC:: V: ee ene 
Hoc eſt, ſi Vis V movere potis fit Pondus P, Celeritate C : Vis m V 


movebit vel en Pondus P, Celeritate m C; vel eadem Celeritate, Pondus 
m P; vel denique quodvis Pondus ed Celeritate, ut Factum ex Pondere & 


Celeritate fit n½ PC. 


8. Atque hinc dependet omnium Machinarum (pro facilitandis Motibus) 
run ratio: nempe ut qua ratione augetur Pondus, eadem minua- 
tur Celeritas; 3 quo fiat, ut Factum ex Celeritate & Pondere, eadem VI mo- 


vendo, idem ſit; puta V: PC:: V: mP x —C= PC. 


Vol. I. Nnn | __ | 9. IA 


. I Agens ut A Efficit ut E; Agens ut 2 A Efficiet Tre General 
FE ut 2 E, 3 A ut 3 E, &c. cæteris paribus: Et uni- * of —_— 


Tt verſaliter, n A ut E; cujuſcunque rationis Exponens . 45. 
| Nov. An, 1668, 
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9. 8 Pondus P, Vi V, e C, latum in Pondus Quieſcens (non 


: I 
impeditum) m P directè impingat ; ferentur utraque Celeritate *. 
Nam propter eandem Vim, majori Ponderi movendo adhibitam, eadem ra- 


of . * . : I ' mM 1 
tione minuetur aucti Celeritas; nempe r P RE — C, 


PC. — alterius Impetus (intellige * actum ex Pondere & Cele- 
ritate) fiet PC; reliqui —— ASC 


I —+ n I + 1 


10. Si in Pondus P Vi V) Celeritate C latum, directe impingat aliud, 
eadem via, majori Celeritate inſequens; puta Pondus mz P, W 7 © 


I 
(adeoque Vi un V latum ; ferentur ambo Celeritate 


" C. Nam 
I + Mm 
. PE 5: nn V: n PC: e Were 
e ee hea, dee op ; Adeoque Præcedentis impetus fiet 1 C, 
1 I + Mm 6. 9 


R 
Subſequentis, - ——  m PC. 
"I + mM 


11. Si Pondera contrariis viis lata, ſibi direQz occurrant five impingant 
mutuò, puta, Pondus P, (Vi V) Celeritate C, dextrorſum; & Pondus P, 
Celeritate 1 C (adeoque Vi mn V) ſiniſtrorſum; utriuſque Celeritas, im- 
petus & directio, lic II : Pondus dextrorſum latum reliquo fi qui- 


1 
eſceret, inferret Celeritatem — 8 adeoque Impetum— — m P = 


1+ mM I ＋ n 
neee ſibique retineret hanc eandem Celeritatem, adeoque Impetum 


PC dextrorſum (per Sect. 9.) Ponduſque ſiniſtrorſum latum (ſimili 


1 


mn 
ratione) rliquo ſi quiclceret inferret Celeritatem . 0 adeoque Impetum 


Mn 


N m P c fniffrorkani : ſibique eo hanc cadern Celeritatem, adeo- 


que Impetum R C ſiniſtrorſum. Cum itaque Motus utrinque fiat; 
— r 


1 
Impetus dextrorſum prius an Jam aggregatus erit ox P C dex- 


trorſi um, 
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2 1 5 
trorſum, & — 55 P C ſiniſtrorſum; adeoque reapſe vel dextrorſum vel fi- 


niſtrorſum, prout hic vel ille major fuerit, eo Impetu quæ eſt duorum diffe- 
rentia; . e. (polito + ſigno dextrorſum, & — ſiniſtrorſum ſignificante) 


| MN 1 —mn 05 
Impetus erit + C —=Þ C; Celetitas 
N 1 I + N 1 M | 

1 — n n | 5 : | 5 | 

Ta C; adeoque dextrorſum vel ſiniſtrorſum, prout 1 vel m m 
+ 70 

major fuerit, Et ſimiliter Impetus prius lati erit + — 0 

1 8 1 n 

nn I „ 1 ˙ toms ; 
mme m P C; Celeritas— — C: adeoque 
I +> NB : L + 7 5 1 + n Vs 


dextrorſum vel ſiniſtrorſum, prout x vel unn, major fuerit. 1 
12. Si vero Pondera nec eadem directè via procedant, nec directè contra- 

ria, ſed obliquè ſibi mutuò impingant; moderandus erit præcedens Calculus 
pro Obliquitatis menſura. Impetus autem obliquè impingentis, ad ejuſdem 
lImpetum, qui eſſet, ſi directe impingeret (cæteris paribus) eſt in ea ratione 
qua Radius ad Secantem Anguli Obliquitatis; (quod etiam intelligendum 
eſt, ubi perpendiculariter, ſed Oblique cadit in percuſſi Superficiem, non 
minus quam ubi vie Motuum ſe mutuo oblique decuſſant: ) quæ quidem 
conſideratio, cum calculo priori debitè adhibita, determinabit, quænam futura 
ſint fic oblique Impingentium Celeritas, Impetus & Directio, h. e. quo Im- 
petu, qua Celeritate, & in quas Partes ab invicem reſilient, que ſic impin- 
gunt. Fademque eſt ratio Gravitationis gravium Oblique deſcendentium, 
ad eorundem Perpendiculariter deſcendentium Gravitationem. . 

13. Si quæ fic impingunt Corpora, intelligantur non abſolute dura (prout 
hactenus ſuppoſuimus) ſed ita Ictui cedentia, ut Elaſtica tamen Vi ſe va- 
leant reſtituere, hinc fieri potuit ut à ſe mutuo reſiliant ea corpora, quæ 
ſecus eſſent ſimul proceſſura; (& quidem plus minuſve, prout hæc Vis 
Reſtitutiva major minorve fuerit,) nempe ſi Impetus ex Vi Reſtitutiva ſit 
Progreſſivo major. [FILE 
In Motibus Accleratis & Retardatis, Impetus pro ſingulis Momentis is 

reputandus eſt, qui gradui Celeritatis tum acquiſito convenit. Ubi autem 
per Curvam fit Motus, ea reputanda eſt in ſingulis punctis Motũs Directio, 

uz eſt rectæ ibidem Tangentis. Et ft quando Motus tum Acceleratus 
vel Retardatus ſit, tum & per Curvam fiat (ut in Vibrationibus Penduli) 
Impetus æſtimandus erit, pro ſingulis punctis, ſecundum tum gradum Acce- 
lerationis, tum Obliquitatem ibidem Tangentis. 


2. Lex Naturæ de Colliſions Corporum. 3 
. - 9 * a - 7 * 
Velocitates Corporum propriæ & maxime naturales ſunt ad Corpora reci- Wien. 1414 


procè proportionales. ZE 
Itaque Corpora R, S, habentia proprias Velocitates, etiam poſt Impul- 


ſum retinent proprias. 


Nun 2 5 Et 


p. 867. 


1460) 

Et Corpora R, 8, improprias Velocitates habentia ex Impulſu reſtituun- 

tur ad Æquilibrium; hoc eſt, Quantum R ſuperat, & S deficit a pro- 
pria Velocitate ante Impulſum, tantum ex Impulſu abſtrahitur ab R, 
KX additur ipfi S, & è contra. 

2 Colliſio Corporum proprias Velocitates habentium æquipollet Li- 
bræ Oſcillanti ſuper bina Centra æqualiter hinc inde a Centro Gravitatis di- 
ſtantia : Libre vero Jugum, ubi opus eſt, producitur. 

Itaque Corporum æqualium improprie moventium tres ſunt Caſus. Cor- 
porum verò inæqualium impropriè moventium (five ad contrarias five ad 
eaſdem partes) decem ſunt omnino Caſus, quorum quinque oriuntur ex con- 


verſione. | 5 8 
Fig. 257. R, 8, Corpora æqualia; vel R, Corpus majus, 8, Corpus minus. 
a Centrum Gravitatis ſive Anſa Libre, Z, Summa Velocitatum utriuſque 
Corporis. 3 EE: 8 
R guy 1 ante Impul-Y C8 7 Veloc. 88 2 ante Impul.- 
TS e Corp. ( 8 ſum data. Cee JRo 5 Corp. R ſum data. 5 
| 488 8 R £ poſt Impul.C Je S my S 2 poſt Impul. 
1 SZ Corp. S quæſita. RS Corp. R quæſita. 7 


Regula. Re, Se, faciunt o R, 0S: Ro, So, faciunt e 8, e R. 

[Lege Syllabas (quamvis disjunctas) Re, S e, o R, o 8, vel Ro, So, 
8, R, in Linea cujuſlibet Caſus, & harum que ſcribitur in Schemate 
more Hebraico, ea indicat Motum contrarium Motui quem notat cujuſvis 
Sy llabæ ſcriptio Latina. Syllaba conjuncta quietem Corporis denotat.] 
Calcul. R S: S:: L: Ra Re - 2 Ra SRI 8 2 Sa ge 8. 

Fece R AS: R:: L: S a2 8a ＋- Se 8 [2 Ra Ro -e R. 


3 Natura obſervat regulas Additionis & Subductionis Specto/e. 
By M. Hugens. , 2, Regul de Motu Corporum ex mutuo Impulſu. BEL SD 
3 1. Si Corpori Quieſcenti duro aliud æquale Corpus durum occurrat, poſt 
5 contactum hoc quidem Quieſcet, Quieſcenti vero acquiretur eadem quæ fuit 
in impellente Celeritas. | 
2. At ſi alterum illud Corpus æquale etiam moveatur, feraturque in eadem. 
Linea recta, poſt Contactum permutatis invicem Celeritatibus ferentur. 


3. Corpus quamlibet magnum a Corpore quamliber exiguo & qualicun- 


que Celeritate impacto movetur. 


4. Regula Generalis determinandi Motum, quem corpora dura per Occur- 
ſum ſuum directum acquirunt, hæc eſt: | 


3 Sint corpora A & B, quorum A moveatur Celeritate A D, B vero ipſi occur- 
, rat, vel in eandem partem moveatur Celeritate B D, vel denique Quieſcat, hoc 
eſt, cadit in hoc Caſu puncdtum D in B. Diviſa Linea AB in C, (Centro Gra- 
vitatis corporum A B,) ſumatur CE, æqualis CD. Dico, E A habebit Celeri- 
 tatem corporis A poſt Occurſum; E B vero, corporis B, & utrumque in eam 
' partem, quam demonſtrat Ordo punctorum E A, EB. Quod E iucidat in 
punctum A vel B, ad Quietem redigeutur corpora A vel B. 


5. Quantitas 


e N dy . 
« AFC EET — 
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5. Quantitas Motus duorum Corporum augeri minuive poteſt per eorum 
occurſum 3 at ſemper ibi remanet eadem quantitas verſus eandem partem, 
ablata inde quantitate Motùs contrarii. | 

6. Summa Productorum factorum a Mole cujuſlibet corporis duri ducta 
in quadratum ſuæ Celeritatis, eadem ſemper eſt ante & poſt occurſum 
eorum. | ” 

7. Corpus durum Quieſcens accipiet plus Motũs ab alio corpore duro, 
ſe majori minorive, per alicujus Tertii, quod mediæ fuerit quantitatis, inter- 
poſitionem, quam ſi percuſſum ab eo fuiſſet immediate. Er fi corpus illud 


interpoſitum tuerit medium proportionale inter duo reliqua, fortiſſimè om- 


nium aget in Quieſcens. 3 
Conſiderat Author in his omnibus (ut ipſe ait) Corpora ejuſdem materiæ, 
ſive id vult, ut eorum moles æſtimetur ex pondere. 
Cæterum ſubjungit, notaſſe ſe miram quandam Nature Legem, quam de- 
monſtrare ſe poſſe affirmat in corporibus Sphæricis, quæque Generalis ipſi 
videtur in reliquis omnibus five duris five mollibus, five directe ſive obli- 
ue ſibi occurrentibus, viz. Centrum Commune Gravitatis duorum, trium, vel 
quotlibet Corporum, æqualiter ſemper promoveri verſus eandem partem in 
linea recta, ante & poſt occurſum. . 0 


4. Cum noviſſimis Menſibus nonnulli e Societate Regia in publico ejuſdem Sme 
conceſſu enixiùs urgerent, ut graviſſimum illud de Regulis Mots Argumen. 


tum, non ſemel inter ipſos antehac agitatum, ſed pluribus aliis intercurren- 
tibus rebus, nunquam, ut! par erat, diſſcuſſum expenſumve, tandem aliquan- 
do Examini rigido ſubjectum conficeretur ; viſum equidem fuit Illuſtriſſimo 
iſti Cætui decernere, ut quotquot è Sociis ſuis indagandæ Motus Indoli præ 
cæteris incubuiſſent, rogarentur, ut ſua in rem illam meditata & inventa de- 
promere, ſimul & ea, quæ ab aliis Viris Præcellentibus, Gallilzo puta, Car- 


teſio, Honorato Fabri, Foachimo Fungio, Petro Borelli, aliiſque, de Argumento 


iſto fuerant excogitata, congerere & procurare vellent; eo ſcil. fine, ut con- 


ſultis hoc pacto collatiſque omnium ſententiis, illa dehine Theoria, quæ cum 


Obſervationibus & Experimentis, debita curà & fide crebrò peractis, quam 
maxime congrueret, Civitate Philoſophica ſuo jure donaretur. 


Edito hoc Celeuſmate, incitati protinus è dicta Soctetate fuerunt, imprimis 
Chriſtianus Hugenins, Johannes Walliſius, Chriſtopherus Wrennus, ut ſuas de 


Motu Hypotheſes & Regulas, quibus condendis aliquandiu inſudiſſent, matu- 
rare atque expedire ſatagerent. Factum hinc, ut ſelectus ille Virorum pra- 


ſtantiſſimorum Trias, poſt paucarum ſeptimanarum ſpatium, Theorias ſuas, 
eleganter compendifactas, tantum non certatim tranſmitterent, Regiæque So- 


cietatis ſuper iis ſententiam exquirerent. Primus omnium D. MWalliſius, ſua de 
Motibus æſtimandis Principia, Literis, d. 15. Novemb. 1688. datis, ejuſdem- 

ue Menſis die 26 traditis & prælectis, communicavit. Mox eum excepit 
D. Chriſtopherus Wren, qui Nature Legem de Colliſione Corporum, proximo 
Menſe Decembri, ejuſque die 17. eidem Societati publice exhiberi curavit; 
quæ in mandatis mox dedit (præ habito tamen utriuſque hujus Authoris con- 
ſenſu) ut ad commodiorem horum ſcriptorum communicationem, diſcuſſio- 


nemque diffuſiorem res tota T ypis mandaretur. 


EF | Hxc 


Hiſtorical 
aſſages relat- 

to to theſe 

Papers ; % Mr. 
Ideiburp. 


Lid. p. 925. 
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Hæc dum apud Nos geruntur, Ecce adfert Nobis Tabellarius d. 4. Ja- 
nuarii inſequentis (St. Ang.) D. Hugenii literas ejuſdem Menſis d. 5. (at St. N. 
exaratas, ejuſque ſcripti, de Motu Corporum ex mutuo 1mpulſu, priores Re- 
gulas quatuor, una cum Demonſtrationibus, continentes. Habebam ego in 
promptu Theorie Wrenniane Apographum, idque actutùm eodem plane die, 
ſic favente Tabellione Publico, D. Hugenio, redhoſtimenti vice, remittebam, 
dilata interim Literarum Hugeniarum (quibus tale quid includi, ob Molem, 
& antegreſſum Authoris promiſſum ſuſpicabar) reſignatione, donec ferret 
occaſio Nobliſſimum & Sapientiſſimum Regie Societatis Prefidem, D. Vice- 
Comitem Brouncker, compellandi. Quo facto, amborumque Regulis in modo 
dicta Societate collatis, mirus confeſtim in utroque conſenſus effulſit; id quod 
inſignem in nobis lubentiam pariebat, utrumque hoc ſcriptum prælo noſtro 
committendi. Nihil hic Nobis deerat a parte Hugenii, quam ejus conſen- 
ſus; abſque quo fas nequaquam judicabamus, ipſius inventum, maxime cum 
illud haud integrum eo tempore nobis dediſſet, in lucem emittere. Curæ 
interim nobis erat, ſcriptum ipſius publicis Regiæ Societalis Monumentis infe- 
rendi; ſimul & Authori d. 11. Januarii ſolennes pro Cordata illa Commu- 
nicatione gratias reponendi, addità dehinc (die Scil. 4. Febr.) ſollicità com- 
monefactione, ut ſuam hanc Theoriam vel Pariſiis (quod proclive erat factu 
in Eurditorum, ut vocant, Diario) vel hic Londini in Adverſariis Philoſophicis, 
imprimendam curaret, vel ſaltem permitteret. Quibus expeditis Literis paulo 

poſt ſecundas accepimus ab Hugenio, ſcripti Wrenneant de hoc argumento rectè 
traditi mentionem facientes, nihil tamen quicquam de ſuimet ſcripti Editione, 
vel Pariſiis vel Londini paranda, commemorantes. 5 

Unde liquere omnino autumem, ipſum ſibi defuiſſe Hugenium in illa publi- 
catione maturanda; quin imo occaſionem dediſſe procraſt inando, ut laudatus 
Dn. #/ren, pro ingenii ſui ſagacitate Geminam omnino Theoriam eruens in 

Gloriæ, huicſpeculationi debitæ, partem jure veniret; cum extra omne fit 
dubium neutrum horum Theorie illius quicquam, priuſquam ſcripta eorum 
ſimul compararent, reſciviſſe ab altero, ſed utrumque propria Ingenii fæcun- 
ditate, pulchellam hanc ſobolem enixum fuiſſe. | 03 

Solvit equidem Hugenius, ante aliquot jam Annos, Londini cum ageret, 
illos de Motu Caſus, qui ipſi tunc proponebantur ; luculento ſane Argumento, 
eum jam tum exploratas habuiſſe Regulas, quarum id evidentia præſtaret. 
At non affirmabat ipſe, cuiquam ſe Anglorum ſuæ Theorie quicquam ape- 

ruiſſe; quin fateri tenentur, ſe ab eorum nonnullis ad communicationem ejus 

. nec tamen unquam, niſi nuperrime, ad id faciendum pertractum 

uiſſe. 1 | | 


The Serben II. Sint 4 b, bc, cd, ef, &c. omnes invicem æquales; & 5 1, c2, d 3, 
bb cy. 4, f 5, Sc. æqualiter creſcant ut, 1, 3, 5, 7, 9, &c. 

cloĩde; Demon- Sn : | | | : | 
AU Wn gn D Dico in hac Linea, Grave quodlibet, Cadens, ex quovis ejus Puncto, at- 
*. 94. J. 6032. tingere Fundum in eodem Temporis ſpatio, quo eum attingeret, ſi caderet ex 


Fig. 159 3 . 
May Au. 1623. quovis ejuſdem Puncto alio. 


2 | 
Nam 


Nam fi ponas, a e cd, &c. & Ut, & * pro quo- 
libet Numero alterutrorum ; tunc {i x @ ponatur pro af, x x repræſen- 


| ; "FFP 
tet oportet F , proindeque Tempus Deſcenſus neceſſario erit ——— ſeu 


X & 4A a 
b : 8 . R . 8 
— atque idem in omnibus obtinet Caſibus. Ergo, &c. 


Dico inſuper, Curvam hanc eſſe Cycloidem, quod Demonſtratu eſt facile 
ex Conſtructione, atque ex eo quod jam innuo; nempe, Curvam hanc 
abcdef 2 æquare duplum Ultime Rectarum, J. e. 2 2 , & ag rqualem 
eſſe Semicircumferentiæ Circuli cujus ⁊ & eſt Diameter; ac univerlim Trian— 
gulum Y A repræſentare Rectam 2 œ & Quadratum N x S, Cur- 
vam a bed e,, & Quadrantem V S repræſentare Rectam a & : ac par- 
tes unius, partes alterius reſpective. Uti ſi V ny repræſentat /, tunc V 
& S repræſentat a , & Y m S repræſentat af. At non vacat fuſius 
hæc proſequi. | EL 9 Tem | 

Dico denique ; Globulum ſuſp:nſum è Funiculo (Juſtæ Longitudinis) & 
intra duas Cycloides vibrantem, moveri in Cycloide. Quare Vibrationes ejul- 

modi ſunt Synchronz. Q. E. D. 


| | . . 1 * IRENE : 6. „ A Problem con- 
III. 1. Probl.] D-terminare Lineam Curvam data duo Puncta, in diverſis al . ths Tons 
Horizonte Diſtantiis & non in eadem Recta Verlicali poſita, connectentem, ſuper of qackeſt Pe- 


7 1 . 5 3 e, ſcent bettoen trwo. 
qua Mobile, propria Gravitate decurrens, & d ſuperiori Punto moveri in ves vo 


Points given; 


piens, citiſſime deſcendat ad Punctum Inferius. propoſed by M, Jo. 


ati iis Finds a REL Bernouli, v. 224+ 
Senſus Problematis hic eſt, ex Infinitis Lineis quæ duo illa data Punta con- 2. 3d jan.“ 


a 5 5 P. 38. Jan. 
jungunt, vel ab uno ad alterum duct poſſunt, eligatur illa, juxta quam ſi in- Au. 1697. 


curvetur Lamina Tubi Canaliſve Formam habens, ut ipſi impoſitus Globulus 
& liberè dimiſſus iter ſuum ab uno Puncto ad alterum emetiatur Tempore 
breviſſimo. A | 

2. Accepi heſterno die duo Problematum à Joanne Bernoullo Mathematico- d, 3» 
rum acutiſſimo propoſitorum Exemplaria, Groninge edita, Cal. Fan, 1697. Il . 
Quorum prioris Solutio ſit hujuſmod iii. 5 

A Dato Puncto A, ducatur Recta Infinita APC Z Horizonti parallela, Eg. 160. 
& ſuper eadem Recta deſcribatur tum Cyclois quæcunque AQ, Rectæ per 
alterum Datum Punctum B ductæ (& ſi opus eſt productæ) Occurrens in 
Puncto Q, tum Cyclois alia ABC cujus Baſis & altitudo ſit ad prioris Ba- 
ſem & Altitudinem reſpectivè ut AB ad AQ; & hæc Cyclois Noviſſima tran- 
ſibit per Punctum B, & erit Curva illa linea in qua Grave a Puncto A ad 
Punctum B, Vi Gravitatis ſuæ, Citiſſimè perveniet. Q. E. I. | 
3. Sit AP, Linea Horizontalis; P, Punctum a quo corpus Grave deſcen- The Demonſtra- 

dit, per Curvam Lineam quæſitam A DE, C & D, Puncta duo infinite 3 2 a. FE 

propinqua, per quæ Corpus decaſurum fit, CD Recta, duo Punta con- P. 425. No, 
nectens, PC & C, DF&SG, FS & GC vel, H, Momenta Curve {928 
Abſciſſæ, & Ordinatim applicatæ reſpective, Capiatur, Dr =Ds, & © 
CS BC. | | 


Quoniam 
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Quoniam in Lineolis Naſcentibus, Tempus eſt ut Via percurſa directè & 
Velocitas (i. e. in hoc caſu, ut Radix Quadrata Altitudinis corporis deſcenſi ) 


Ds SC 
inverse, per Hypoth. 7575 aD *— 7 Tor Tempori Minimo. Et quia Ve- 


locitas in Punctis æquialtis S & B per Curvam D s C & Rectam 
D B C eadem eſt, Tempus per D C, quod evidenter Minimum eſt, erit 


= © 4 T c quentur ergo hæc Tem ora, & 2 Do 

"700 Yor 1 FY SD Yor 

. Bc ls at D B—Ds__ $C—BC "a By 

TD FF? ORD OWE. YQD 
15 | 


Sed Triangula Evaneſcentia Brs, Bls, =quiangula ſunt Triangulis 


- Br To 
Ds F, HsC; Ergo 5 = F & H, r. Componantur he 


q N A 
uz rationes maln, Dix: *;Fs;7 


„p- vr 
SFX 5f "Ds5x Hs 
biliter fluere W pr ponamus DS S C, & evadet ſimpliciſſima 


F 
Curvæ expreſſio —22 = = Y 5. ubique, i. e. in Puncto F lexuræ 


Curva ſemper erit in Ratione compoſit Velocitatis directe, & Momenti ap- 


plicatim Ordinatæ inverse, Sint x & zF luxiones Abſciſſæ, Ordinatim 
x 2 1 1 
applicate, & Curvæ reſpeCtive, 7 T conſtans eſt, ut Goren. Ergo *— , = 71, 


Ex quo 


. Quandoquidem autem quidvis ex Elementis æqua- 


ſed poſuimus 2 (SY A 5) conſtans. Ergo ut hæc unitas 
** | as 


J i, & poſt 


conſtans ſit, & dimenſiones debitas retineat, 


4 
* * 


reductionem y = 74 Sy Expreſſo Notiſſima Cyclodis P E 38 QE. I. 
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IV. Theorema.] Si in Cycloide A V D, chi, Baſis AD oft Horizonti How much the 
Parallela, Vertice M deorſum ſpeftante, ex A ducatur ultungue Recta AB 8 the 
Cycloidi occurrens in B, ex quo ducatur Retla BC Curve Cycloidis BD Cycloid thay in 
in B Normatis, ad quam ex A demittatur Perpendicularis Recta AC: Dico 18 N 
Tempus quo Grave e Quiete cadens ex A, Vi ſue Gravitatis decurrit Rectam b. 424. feb. 
AB, eſſe ad Tempus quo percurrit Curvam AVB, ficut Refta AB ad Rec-“ 
tam AC. | mY | 
Per B ducatur BL, Parallela Cycloidis Axi VE; & BK, Baſi AD Pa- 

rallela, occurrens Axi in G, & Circulo ſuper Diametrum EV deſcripto in 
F & H, Cycloidi denique in Kk. Ducatur Recta EF, quæ ex Cychoidis natura 
parallela eſt Rectæ BC. Unde B M eſt æqualis EF, & EM æqualis BE; 
quæ, propter Cycloidem, æquatur Arcui VF; & proinde AM ett æqualis 
Arcui EH VE. | 
Per Prop. 25. Part II. Horologii Ofcillatorii Hugenii, Tempus quo Grave 
c __ cadens percurrit AV, eſt ad Tempus Caſus per EV, ut Semicir- 
cumferentia ad Diametrum 3; & per dictæ Partis Prop. Ultimam, Tempus quo 
Grave percurrit VB, poſt decurſam AV (nempe æquale Tempori quo 
Grave percurrit KV, poſt decurſam AK) eſt ad Tempus Lapſus per AV, 
ſicut Arcus VF, ad Semicircumferentiam; adeoque ad Tempus Caſus per 
E V, ficut FV ad Diametrum. Quare Tempus quo Grave percurrit 
Curvam AVB, eſt ad Tempus Caſus per E V, ſicut Arcus EH VF, ad 
Diametrum EV. Sed Tempus Caſus per E V, eſt ad Tempus Caſus per 
LB, five E G, ſicut EV ad EF: Igitur ex æquo, Tempus quo Grave 
percurrit AV B, eſt ad Tempus Caſus per LB, ſicut Arcus EH VF ad ſub- 
tenſam EF; hoc eſt, ut Recta AM, ad Rectam MB. Rurſus, Tempus 
Caſus per LB, eſt ad Tempus Lapſus per A B, ut LB ad AB: Ergo Ra- 
tio Temporis quo Grave percurrit AVB, ad Tempus quo percurrit AB, 
componitur ex Ratione A Mad MB, & Ratione LB ad B A; adeoque 
æqualis eſt Ratiom AM x LB ad MB XB A. Sed AM x LB, eſt 
æquale MB x AC, quia utrumque æquatur duplo Trianguli ABM: Et 
igitur Tempus quo Grave e Quiete cadens percurrit Curvam Cyclcidis AVB, 
eſt ad Tempus quo percurrit Rectam A B, ſicut MB NV AC ad MBB A; 

id eſt ſicut K C ad AB. 9, E. D. Similiterque procedet Demonſtratio, 

ſi Punctum B fit inter A & V. | — 


Fig. 162, 


V. 1. The upper Plate of the Watch is AB: The Circular Ballare - Exact Portable 
IVheel CD, of which the Arbor is EF: The Spring turned Spirally, If fue“ | 
HM, faſtned to the Arbor of the Ba!lance-Whezl in M, and to the piece v. . 
that is faſt to the Watch-Plate, in G, all the Sie, or Windings of the „I. 163 1 
Spring being free without touching any thing. NOP Q is the Cock, in V 
which one of the Pivols of the Ballante-H peel turns; RS, is one of the ? 
Indented-Wheels of the Wat:h having a Balancing Motion, which the Ba“. ft 
lauce-Whee! gives to it. And this Heel RS, catches in the Pinion T, which 1 
holds on the Arbor of the Ballance, of which by this means the Motion is en- 
tertained as much as is neceſſary. Theſe Watches are exact for the Pocket, 


[4 Y ox. I. — on Ane 


| By Dr. Goth. 

Guil. Leibnitz. 
n. 113. Pp. 285. 
Apr. An. 1675. 
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and when made greater, will be uſeful to find the Longitudes both by Sea 
and LAM. --.-- 

2. The Principle I thought upon ſome Years ago for making exact Porta- 
ble Watches, is altogether different from that of M. Hugens: his depending 
upon a phyſical Obſervation, but mine upon a mere mechanical Reflection; 


which hath not been taken notice of for want of the Art of Combination, the 


uſe of which is far more general than that of Algebra. For, having conſi- 


dered with my ſelf, that a Spring being bent to the ſame Degree, will al- 


Fig «1 64+ 


ways unbend it ſelf in the ſame Time, provided it find the ſame freedom of 


unbending it ſelf ſuddenly; I inferred from thence, that there might be 
imployed two ſuch, one of which ſhould play, whilſt the firſ# Mover of the 
Watch did bend the other again. „ 
Theſe Thoughts I have executed in the following manner: Let A B be 
one of the Watch-Plates, C and M, two indented Barrels wherein the ſmall 
Springs are incloſed. The Teeth of the Barrels catch thoſe of the Pinions 
d d, which carry the Ballances ee; and other Teeth of the ſaid Barrels are 
catched by thoſe of the interrupted Wheel EG. Now let us imagine, that 
this Wheel FG, being moved towards HF, b 


Mover of the Watch, and turning the Barrel C, bends the Spring incloſed 


in it, and ſtops with the Barrel as ſoon as it hath bent this Spring. This 
piece which ſerves to ſtop, is eaſy, and hath not been thought neceſſary to 
be marked here, to avoid embaraſſing the Figure. But whilſt one indented 


part of the interrupted Wheel F G, viz. E, turns the Barrel C, the empty 
part, oppoſed thereunto, which is G, anſwers to the other Barrel M, and 


gives Liberty to the Spring, it incloſeth, to unbend itſelf. Thus whilſt 


the Movement of the Watch bends the ſmall Spring of the Barrel C, in the 
ſame Time the ſmall Spring of the other Barrel M, unbends of itſelf : 
I fay, in the ſame Time, except the Spring C, ſhall have done bending a 


- S 
little ſooner than the Spring M ſhall have unbent itſelf : So that the 


Spring C, being bent, and the Wheel F G ſtopped ; both of them ſtay in 


: ; vey a. 
this Poſture, till the Spring M, when it ſhall be quite unbent, doth, at the 


end of its Motion, touch a piece which delivers it. And then the Spring C 


unbends of itſelf in its turn; the Teeth of the interrupted Wheel, which 


continues its Motion the fame way as before, ſince tis delivered, not being 
any more able to hinder it therefrom, becauſe the Barrel C, doth now meet 


with the empty part H, of the ſaid Wheel. But before ir hath done with 


unbending it ſelf, the indented part L, being oppoſite to the empty part 


H, that turns the Barrel M, bends its Spring again, and having done ſo, 


ſtops with it; whilſt the Spring C, making an end of unbending itſelf, de- 
livers them by a reciprocal good Office, and renders to the Spring M, the 
fame Services which it had received from it, with an Expectation of re- 
ceiving the like again. 
Which being well conſider 
Motions will continue always: That the Periods, taken from the very Mo- 
ment that one Spring begins to unbend, until the Moment it once unbends 
itſelf again, will always be of equal Duration, tho the two. ſmall 


Springs 


y the force of the Firſt 
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Springs be not equally - ſtrong : That the Ballance of ſuch a Walch will be 
double, and may be charged more or leſs, and receive delay, by advancing, 
or recolling along the two Arms two equal Weights, Counter-ballancin 
one another, that ſo the Change of the Situation may not at all prejudice the 
Equality of the Walch. For the reſt, we may in this kind of Watches ſpare 
the Fuſee, and conſequently the String or Chain. *Tis alſo eaſy to judge, 
that ſuch Watches as theſe may be of a Size ſufficiently ſmall ; that they 

vill make no more Noiſe than ordinary //atches ; that they will be as exact 
as Pendulums, and ceaſe not to go whilſt they are Winding up. And tho 
the Motion of the Watch Wheels may be altered by many Accidents, yet 
the Periods of the ſmall Springs will not be concerned in all or any of them, 
provided the Motion of the Watch W heels have always more Strength than 
it needs to bend them again; which is in our Power, | 
The Objections that have been made againſt this Contrivance, if em- 
ployed for finding Longitudes, are theſe ; that toſſing of Ships would ſhake 
the Springs as well as other pieces; that Ruſt would ſpoil them, ſince the ſal- 
tiſh Humidity of the Sea in remote Voyages, ſpares not the very Needles 
of Compaſſes tho incloſed in Boxes; that the Changes of Seaſons and Cli- 
mates will ſenſibly alter the Springs, eſpecially the great Heats or Rains with- 
in the Tropicks, which at length will ſomewhat untemper the Steel; as is 
confirmed by the Experiments of the illuſtrious Academy of Florence, ſhewing 
how eaſily that Heat and Cold do change /lender Springs: Beſides that, the 
Air more or leſs condenſed will alſo more or leſs reſiſt the Motion of the 
Balance. To which may be added, that Springs by working are weakened : 
And laſtly, That there will be always ſome little Friction, that will make 
the ſeveral pieces go more or leſs eaſily, and that even in length of time 
they will wear out. DO Te OE 
But I anſwer, That all theſe Defects, that proceed from the Imperfection 
of the Matter, may be ſurmounted by a general Remedy, without Examin- 
ing them here in particular: And that is, That for executing it in great, 
we make uſe of maſſy Springs, as are thoſe of Croſs-Bows, we being Ma- 
{ters of them, not wanting Force or Place in a Ship, to govern a great Weight 
that may ſerve to bend them continually again. Now theſe maſſy Springs 
may be ſogreat, and their Reſtitution ſo ſpeedy, by augmenting their Num- 
ber, that all the above-named Detects will have no conſiderable Proportion 
to this Strength, and the Aggregate of their Repetitions will not be ſen- 
ſible till after a very long time. And *tis eaſy to Demonſtrate, That by aug- 
menting the bigneſs of rhe Engine, and the force of the maſſy Springs, we 
may make the Error as ſmall as we will, provided we pals not the bounds of 
Conveniency, and content our ſelves with Exactneſs ſufficient for their 
chief End, viz. For finding the Longitudes. 5 


VI. The Circle, FG H, being placed upon a Plane inclined A B, is di- 4 Chen Afcen- 
vided into two unequal Parts by the Line GI. To reſtore to the leſs Sec- e Plane; 
ture its quilibrium, there is faſtened to the Extremity of the Radius DF, a # M. de Genus. 
Weight F, which is ſufficiently heavy to recover what the leſſer Secture 


OOO 2 — loſes 
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n« 140. þ. 1006, loſes by its Situation, That a Wheel or Clock may thus ftand not on] 
10 . 16 , in Aguiirbrium, but allo aſcend upward, there is placed in the middle of the 
_**. Clacka Drum, which encloſes the Spring of the Pendulum; upon which Drum 
is faſtned the Radius DF. For thus the Spring being mounted, enforces the 
Drum to turn, and ſo to raiſe the Weight, which it cannot raiſe without its 
becoming more heavy, in regard that coming to the Point E, it is farther 
from the Center, than when it was in F, and thus all the Heel turns on 

that Side as the Spring gives way. | 


Aci be- VII. Altho the Marquis of Morceſter is ſaid to have contrived a Watch 


ſcendenton # that ſhould Move upon a Declivity, and M. de Gennes has given ſome Ac- 
A 3 | 


by Mr. Mau- count of a Clock Aſcendent on a Plane inclined ; yet neither of them, nor any 
agg lov like them, was ever ſeen by me, and for ought I could ever learn, the 
May Au. 1684, Reaſon of their Motions remains to this Hour as great a Secret, as if they 
had never been. I ſhall therefore give an Account of a Movement, which I 
have deſign'd to meaſure Time after a pecuhar Manner. Ng | 
Fig. 166. 1. The exteriour Structure of it is a circular Body of 3+ Inches Diame- 
| ter, conſiſting of two Plates meaſured by the ſame Radius, and fixed in a 
parallel Poſition to each other by the Hoop 5, the breadth of which is about 
an Inch. This Hoop and the two Plates form the Caſe of the Movement; 
of which, that which appears in the Front, is towards the Verge thereof in- 
ſcribed with a Horary Circle, the Diviſions whereof anſwer the Hours of a 
natural Day. The deep Shades within this Circle are intended to repreſent 
a Concave, of near half an Inch deep; and the Prominence g, in the middle 
of this Concave, is a Hemiſphere of Braſs or Silver, riding looſly on a Pin, 
which lies hid, and is the Axis of the Movement. The upper half of this. 
Hemiſphere is hollow, but the nether filled with Lead; and the ſmall Gen- 
tleman that ſits thereon, does with an erected Finger perform the Office of 
an Index. But this being only for Ornament, you may ſubſtitute in the 
room thereof any other Index, provided the Axis whereon it is ſupported, 


Fg- 19 move freely in the Hole N, and the lower part thereof HL, fo far prepon- 
derate to HP, as always to keep it Pendulous, with its Point to the Verti- 
cal Hour. | . CO 1 . 

Rg. 166. 2. For the manner of its Motion, as far forth as it appears outwardly; it 


is thus: SE repreſents a Board or Shelf, of a ſtraight and even Surface, about 
6 Foot long, and fo thick as not to be apt to caſt with change of Weather; 
nor to grow camber under a ſmall Weight; on this is the Movement placed, 
and here to perform its Courſe; and therefore I call it the Sage of the Move- 
ment. This Sage is raiſed at the end 8, about 10 Deg. above the Horizon 
or Line of Level HE ; but this Angle of its Declivity D E H, is variable. 
The two Plates which form the Ca/e of the Movement, are to be extant all 
round without the Hoop , + of an Inch, and the Edges of them lightly 
indented ; that while the Movement deſcends: upon the Sage, it may turn 
only, and not ſlide. The Movement being placed as high as it may, near 
the point 8, ſhall move downward towards E, with that ſlowneſs, as to finiſh. 
one entire Revolution in 24 hours; and while it does ſo, the Diviſions on 
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the Horary Circle (or Dial. Plate) ſucceſſively Culminating over the Point of 
the Index (which 1s always to keep the fame Poſition) will ſhew the Hours 


of the Day and Night. And when by ſeveralrepeated Revolutions, it has 


meaſured the length of its Stage, it is to be replaced at S, as before; which 
may be done in lets than half the time you are Winding up a Watch; and 
if the Sage be 6 Foot long, no oftner than once in a whole Week. 

3. The way of Adjuſting the Motion to the exact Meaſure of an Hour, 
and Rectifying its Errors, is thus: viz. By the turning a Skrew inſerted 
at 8, the Stage may be elevated or depreſs'd, and accordingly the Movemeiit 
will go Faſter or Slower : Faſter, if raiſed up, and Slower, if let down; 
and by making the Horary Circle moveable, and Inſerting ſeveral ſmall Boſſes 
or Buttons, here and there upon the Verge thereof, it may with an eaſy. 
touch of the Finger be moved to the right tand left, as there ſhall be Occa- 
ſion, till the] jut Time be brought to the Point of the Szſherded Inder. 

The 1 of this Moveinent may be thus explained: 1. Let the Circle 
L OD N, repreſent any Circular Body, whoſe Centers port of Gravity and 
Magnitude are coincident at M. Let this Circular Body be placed upon 
ſome Level Plane GG; and then tis evident that the Angle of its Contact 
with that Plane at a, will alſo be the Point of its Libration, and conſe- 
quently it mult reſt there : Qꝛia Momentum & Impedimentum ſunt æqualia. 

2, Let DE repreſent a Deſcending Plane, making an Angle of Contact 
with this Circular Body at þ : and here *tis manifeſt it cannot reſt; becauſe 
the Line of Direction r a, which (while it inſiſted upon a Level) divided 
the Circular Body by the Centers of Magnitude and Gravity into Parts 
Aquiponderate, is now removed to L D; Which Line LD falling with- 
out, or beſide, the Center M, evidently deſtroys the Aquipoiſc of its Parts, 


and therefore mult leave it to tumble down towards E. For here Mien 


tum Impedimento majus. The Reaſon therefore of its Deſcent now, being 
the Over-ballance of the Parts LN D, to the remaining Section L D O, 
it muſt neceſſarily follow, 


That if ſome Weight equal to the Exceſs of L ND, Shove LO D,, 


were affix'd to the Limb of the Quadrant Qa, 28 at P; chen the Circular 
Body would reſt as quietly at , as it did before at a. The Suppoktion 


cannot be denied, and the Conſequence is unavoidable, becauſe L DO y F : 


- L, ND, i: . Impedimentum equatur Moment. 

Let then the Numbers, 1, 2, 3, 4, repreſent a Train of Wheel-work, 
| . there is no material difference from what is found in a common 
Watch; only the numbers of the Teeth on the Wheels and Pinions are to 


be ſo calculated, that the Motion of the whole Train may correipond to the 


aſſigned Revolution of the Body of the Movemerit which is to be once in 


24 Hours: It would be expedient allo, That a Spiral Sprizg were applied to 


its Ballauce, as in later Movements, is uſual ; but of a Fujre here's no need, 


for the Turns of the Body of the Movement as it deſcends upon the Stage, 


anſwer all rhe Intentions of a String or Chain; and the Contrantence of the 
Weight P, to the Exceſs of LED, above LOD, lerves inſtead of a Perpetual 
Spring 5 ; and the Mo ve nicni wants only a Perpetual Deſcent, to make its Mo- 


lion 
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Fig. 168, 


SS — = — I —ů — __—_— 
. —— —— — . — — 


——— ( — ö — 
on De EAI TS. 


2 — | 


— REP —— 


1 —— to «> > 
—— > - 


— — — — 


JR. 
_ — 


— 


— — 


— — 


— 
— 2 


—— a 
_ ä„œà—Z—à—U—‚pĩ ——— ISO oe — eater cert ———— 


— 


3 - 
— —— 


— 


Fig. 170. 


Fig. 68. 


Te) - 


ion ſo, And whereas the great Wheel in ordinary Movements, is placed as 


near the edge of the Framing Plate f 7, as it may be; here it muſt (with 
its Axis or Arbor M) poſſeſs the Center of the Movement: Becauſe this 
Wheel is to carry the Weight of Power P, by the Vectis MP, and that 
Weight P muſt always keep an Equidiſtance from the Center of the Move 
ment; that while the Body thereof (i. e. of the Movement) performs its Re. 
volutions; the ſaid Weight P, and the great Wheel (to which it is affixed 
may, without any conſiderable Variation, continue in, or near the fame Poſi- 
tion, wherein they now are. Now ſuppoſe this Weight P, with its Ve&is M 


P, tobe taken quite out of the Movement, and the Body of the Movem:1;: 


to be placed on a Horizontal Plane H H, its Point of Contact in that Plane is 


IT; where it ſhould, but cannot, reſt ; becauſe the Weight of that part of 


the Train, marked with the Numbers, 2, 3, 4, removes the Center of Gra- 
vity from M; and therefore on the oppoſite Part of the Movement as about C 


Q the Inſide of the Hoop, which forms the Caſe, is to be loaded with a 
thin Lining of Lead, which may be a Counterpoiſe to that part of the Train; 


that ſo, the whole Body of the Movement, together with all its Furniture, 
within and without (excepting only P, with its Vectis) may, on that Ho- 
rizontal Plane, or while it rides upon its own Axis, reſt indifferently in 
any Point. This reducing of the Mvement to an Equilibration of all its 
Parts in the Center M, muſt be performed Terntando, i. e. by Raſping the 
Lead at CO, as much and in ſuch Places as is needful; which, to an Arti- 
ficer of Ordinary Sagacity, will not be at all difficult. 

The Center of Gravity being thus reduced to M, replace the Weight P, 


by the Hole H, on the Arbor of the Central-Wheel M. Then let the Body 


of the Movement be placed on the Declivity D E, and ſuppoſing Þ + 
LQD=LDE, then the Body mult needs reſt there: But hecauſe the 
Weight P, is not now fix d to any part of the Quadrant Q D, but hangs 
upon the Train of Wheel-work 1, 2, 3, 4, it evidently follows, That if 
the Power thereof be ſuperiour to the Reſiſtance of the Train, then the 


whole Body of the Movement muſt needs deſcend, towards E. By this you 


ſee there are two Offices aſſigned to the Weight or Power P. The Firſt is, 
to be a Counterpoiſe to the exceſs of the Weight of LED, above LQ. 
The Second is, that it be of Force ſufficient to put the Train into a Motion 
ſo adjuſted, as may exactly comport with the Time aſſigned for the Revolu- 
tion of the whole Body. So that if there be any Difficulty remaining, it 


_ conſiſts in ſuch an exact Stating of the Weight and Power of P, that it may 


adequately ſerve both theſe Intentions. Now how eaſy this is, will be 


manifeſt from theſe Propoſitions following, 


1. That whatever the intrinſick Weight of P ſhall be (as ſuppoſe it 4 
Ounces Troy ; yet the Power of that Weight will be augmented or dimi- 


niſhed according to the different Degrees of its Elevation in the Quadrant 


TQ. Thus conſidering PM, as aVefis, its Hypomochlium is M, the Point 


where it exerts its Power on the Train, is at V; I ſay then, whatever P6wer _ 


it has upon the Point V, in its preſent Elevation of 45 Deg. it will acquire 
a greater by being raiſed to 50, 55, Sc. and the greateſt of all in go Deg. 
2 | at 
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at Q: And on the contrary, let it ſink to 40*, 35% Sc. its Power upon 
the Point V, will ſtill be diminiſhed, inſomuch that in T, it will be utterly 
extinguiſh? d. And therefore if P be of a competent Weight (i. e. not utter- 


ly too > light ) to move the Train at all, it will certainly move it in ſome De- 
gree of Elevation or other in the Quadrant 3 


2. If the Weight P be conſidered as to its Office of being a Counter- 
poiſe to the Body of the Movement; as I need not to prove, that it will per- 
form this no leſs, while it hangs by upon the Vectis M P, than if it were faſt 
rivetted in the fame place to the Caſe of the Movement: fo, in what Point 


of the Quadrant ſoever it will move the Train, it may be alſo A Counter- | 


poile to the Body of the Movement. For, 
1. At what Point ſoever of the Circle LET , the Line of Declivity 


DE, makes an Angle of Contact; on the ſame Point will the Diameter 


SD fall at Right Angles with D E. 


2, The Line of Direction LD, will ever f. all upon th Point of Contact 


D, making an Angle with the Diameter, as SDL. 

3. The Angle SDL, will be always equal to DEH, i. e. As great as is 
the Elevation of the Line of Declivity DE, above the Horizontal E H; ſo 
great will the Angle of Diſtance be between the Diameter S D, and che 

Line of Direction L D. 

4. The greater the Angle of Declivity i is, the leſs will be the Section 
LOD: and fo on the contrary, the leſs that Angle 1s, the greater the 
Section. And therefore, 

5. The Exceſs of the Weight of LED, above LD, muſt be alſo 

greater, by Raiſing up the Stage with the Skrew at 8; and that Exceſs 
leſs by Skrewing it down. 
6. The Lighter that part of the Body i is, which is repreſented by the Se- 
ction L Q, the more Heavy ought the Counterpoiſe P, to be; and that 
either in its own Intrinfick Weight, (in Ounces and Parts of Ounces) or elſe 
in its Potential Weight, by being raiſed higher in the Quadrant Q T. 

7. The Skrewing up the Stage of the Movement at 8, will raiſe the Coun 
terpoiſe higher in the Quadrant Q T, by Prop. 3. and therefore potentially 
heavier. And from hence appears (I take it moſt clearly) both the Reaſoir 
of the due Adjuſtment of the Motion of the Train to the exact Meaſure of 
an Hour, and what Weight is to be aſſign'd to P, that moves it; and 
that we are not confined to Scruples and Grains, but are allowed ſuch a con- 
ſiderable Latitude, as it is not eaſy to err therein. 


Having therefore ſet the Szage (by the helpof the arched Skrew) at the Ele. 


vation of about 10 Deg. place the Movement thereon, and try what Weig ght, 


hanging at the end of the Vectis M P, will ſtir the Train; mean while hold- 
ing the Movement with the Hand in ſuch a Poſition, as the Vectis may make 
an Angle of about 30 Deg. with the Perpendicular M T : then let the Move- 
ment looſe, to undulate upon the Stage ; and when the Vibration ceaſes, 


Fig. 166 


obſerve to what Degree of the Quadrant the YeZ7is Points, and at the ſame 


time mind the Pulſes of the Ballance. If at this Obſervation, the Weight 
lies low, (as for inſtance, between 25 and 35 Dex. of the Quadrant) and 


the 
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the Beats of the Ballance are gueſſed to be not much different from their due 


time, the Weight P, is well enough porportioned. But if it chance to be 


much heavier than is abſolutely needtul, that Exceſs will be moderated by 


Skrewing down the $S7aze 3 and if it be not abſolutely too light, its Defect 
will be compenſated, by Skrewing the Stage higher. Therefore of theſe two 
Extremes, chooſe the former; for the fewer Degrees that P ariſes in the 
Quadrant, beyond what is abſolutely neceſſary, it will (for Reaſons very 
obvious) be ſo much the better. 28 


VIII. Des Cartes his Notion, I muſt needs confeſs to be to me incompre- 
henſible, while he will have the Particles of his Cœleſtial Matter, by being 
reflected on the Surface of the Earth, and ſo aſcending therefrom, to drive 
down into their Places thoſe Terreſtrial Bodies they find above them: This is. 
as near as I can gather, the Scope of the 20, 21, 22, and 23 Sections of the 
laſt Book of his Principia Philoſophie ; yet neither he nor any of his Follow- 
ers can ſhew, how a Body ſuſpended in Libero Aithere, ſhall be carried 
downwards by a continual Impulſe tending upwards, and acting upon all its 
Parts equally : And beſides, the Obſcurity wherewith he expreſſes himſelt, 
particularly, Seck. 23. does ſufficiently argue, according to his own Rules, 
the Confuſed Idea he had of the thing he wrote. | 

Others, and among them, Dr. Voſſius, aſſerts the Cauſe of the Deſcent of 
Heavy Bodies, to be the Diurnal Rotation of the Earth upon its Axis, with- 
out conſidering, that according to the Doctrine of Motion fortified with 


Demonſtration, all Bodies moved in Circulo, would recede from the Center 


of their Motion; whereby the contrary to Gravity would follow, and all 
looſe Bodies would be caſt into the Air in a Tangent to the Parallel of La- 
titude, without the Intervention of ſome other Principle to keep them faſt, 
ſuch as is that of Gravity, Beſides the Effect of this Principle is thro'out 
the whole Surface of the Globe found nearly equal, and certain Experiment 
ſeems to argue it rather leſs near the Equinoctal, than towards the Poles ; 


which could not be by any means, if the Diurnal Rotation of the Earth up- 


on its Axis were the Cauſe of Gravity; for where the Motion was ſwifteſt 
the Effect would be moſt conſiderable. 

Others aſſign the Preſſure of the Aimoſbhere to be the Cauſe of this Tex- 
dency towards the Center of the Eartb; but unhappily they have miſtaken 
the Cauſe for the Effect, it being from undoubted Principles plain, that the 
Atmoſphere has no other Preſſure, but what it derives from its Gravity; and 
that the Weight of the upper Parts of the Air, preſſing on the lower Parts 


3 


thereof, do ſo far bend the Springs of that Elaſtick Body, as to give it a 


Force equal to the Weight that compreſſed it, having of itſelf no Force at 
all: And ſuppoſing it had, it will be very hard to explain the Modus, how 
that Preſſure ſhould occaſion the Deſcent of a Body circumſcribed by it, and 
preſſed equally above and below, without ſome other Force to Draw or Thruj? 
it downwards. But to demonſtrate the contrary of this Opinion, an Ex- 


periment was long ſince ſhewn before the Royal Society; whereby it appeared, 


that the Atmoſphere was ſo far from being the Cauſe of Gravity, that the 
I Effects 
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Effects thereof were much more vigorous where the Preſſure of the Atmo- 
ſphere was taken off; for a ns, Glaſs-Receiver, having a light Down-Fea- 
ther included, being Evacuated of Air, the Feather, which in the Air would 
hardly fink, did in Vacuo deſcend with nearly the ſame Velocity as if it 
had been a Stone. | | 
Some think to illuſtrate this Deſcent of Heavy Bodies, by comparing it 
with the Virtue of the Loadſtone; but ſetting aſide the Difference there is in 
the manner of their Attractions, the Loadſtone drawing only in and about its 
Poles, and the Earth near equally in all Parts of its Surface, this Compari- 
ſon avails no more than to explain Ignotum per æquè Ignetum. 
Others aſfign a certain Sympathetical Attraction between the Earth and its 
Parts, whereby they have, as it were, a Deſire to be united, to be the 
Cauſe we enquire after: But this is ſo far from explaining the Modus, that 
it is little more, than to tell us in other terms, that Heavy Bodies deſcend, 
becauſe they deſcend. 1 : 
But tho the Efficient Cauſe of Gravity be ſo obſcure, yet the Final Cauſe 
thereof is clear enough; for it is by this ſingle Principle that the Earth and 
all the Celeſtial Bodies are kept from Diſſolution : the leaſt of their Particles 
not being ſuffered to recede farfrom their Surfaces, without being immedia'e'y 
brought down again by Virtue of this Natural Tendency, which, for their Pre- 
ſervation, the Infinite Wiſdom of their Creator has ordained to be towards each 
of their Centers; nor can the Globes of the Suan and Planets otherwiſe be de- 
ſtroyed, but by taking from them this Power of keeping their Parts united. 


The Aﬀections or Properties of Gravity, and its manner of acting upon The Propertie: 
Bodies Falling, have been in a great meaſure diſcovered, and moſt of them N 


made out by Mathematical Demonſtration in this our Century, by the accu- 
rate Diligence of Calilæus, Torricellius, Hugenius, and others; and now lately, 
by our worthy Countryman Mr. J. Newton. Which Properties I ſhall 
here enumerate. | IS. 7 | 5 
1. The Firſt Property is, That by this Principle of Gravilation, all Bodies 
do deſcend towards a Point, which either is, or elſe is very near to the Center 
of Magnitude of the Earth and Sea, about which the Sea forms itſelf exactly 
into a Spherical Surface, and the Prominences of the Land, conſidering 
the Bulk of the whole, differ but inſenſibly therefrom. 
2. That this Point, or Center of Gravitation, is fix*d within the Earth, or 
at leaſt has been ſo, ever ſince we have any Authentick Hiſtory : For a Con- 
ſequence of its Change, tho never ſo little, would be the over. flowing of 
the Low-lands on that ſide of the Globe towards which it approached, and 
the leaving new Iſlands bare on the oppoſite ſide, from which it receded ; 
but for this Two Thouſand Years it appears, that the Low Iflands of the He- 
| diterranean Sea (near to which the Antienteſt Writers lived) have continued 
much at the ſame Height above the Water, as they now are found; and no 
Inundatious or Receſſes of the Sea arguing any ſuch Change, are recorded 
in Hiftory, excepting the Univer/ai Deluge, which can no better way be ac- 
counted for, than by ſuppoſing this Center of Gravitation removed fora time, 
towards the Middle of the then Inhabited Parts of the World; and a Change 
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Mr. J. Newton hath ſhewed how to define the Spaces of the Deſcent of a 


a 1 
of its place, but the two thouſandth Part of the Radius of this Globe, were 
ſufficient to bury the Tops of the Higheſt Hills under Water. 

3. That in all Parts of the Surface of the Earth, or rather in all Points 
equidiſtant from its Center, the Force of Gravity is nearly Equal; fo that the 
length of the Pendulum vibrating Seconds of Time, is found in all Parts of 
the World to be very near the fame. Tis true, at St. Helena, in the Lati- 
tude of 16 Deg. South, I found that the Pendulum of my Clock, which vi- 
brated Seconds, needed to be made ſhorter than it had been in England, by a 
very ſenſible Space (but which at that time I neglected to obſerve accurately ) 
before it would keep Time; and ſince, the like Obſervations have been made 


by the French Ob/ervers near the Equinoctial: Yet I dare not affirm, that 


in mine it proceeded from any other Caufe, than the great Height of my 
Place of Obſervation above the Surface of the Sea, whereby the Gravity be- 


ing diminiſhed, the Length of the Pendulum, vibrating Seconds, is pro- 


portionably ſhortned. | | 

4. That Gravity does equally affef all Bodies, without regard either to 
their Matter, Bulk, or Figure; ſo that the Impediment of the Medium be- 
ing removed, 'the moſt compact and moſt looſe, the greateſt and ſmalleſt 
Bodies, would deſcend the ſame Spaces in equal Times; the Truth whereof 
will appear from the Experimnet I before cited. In theſe two laſt Particu- 
lars, is ſhewn, the great Difference between Gravity and Magnetiſm, the one 
affecting only Iron, and that towards its Poles, the other all Bodies alike in 


every part. As a Corollary, from hence it will follow, That there is no ſuch 
thing as Poſitive Levity, thoſe things that appear Light, being only compara- 
_ tively ſo; and whereas ſeveral things rife and ſwim in Fluids: *tis becauſe, 


Bulk for Bulk, they are not ſo heavy as thoſe Fluids; nor is there any Rea- 
ſon why Cork, for inſtance, ſhould be ſaid to be Light becauſe it /wims on 
Water, any more than Iron, becauſe it fwims on Mercury, 5 

95. That this Power Increaſes as you Deſcend to, and Decreaſes as you Aſcend 
from the Center, and that in the Proportion of the Squares of the Diſtances 


therefrom Reciprocally, ſo as at a double Diſtance to have but a quarter of the 


Force: This Property is the Principle on which Mr. Newton has made out 
all the Phænomena of the Celeſtial Motions, ſo eaſily and naturally, that its 
Truth is paſt diſpute. Beſides that, it is highly rational, that the Attraive 
or Gravitating Power ſhould exert itſelf more vigorouſly in a ſmall Sphere, 
and weaker in a greater, in proportion as it is contracted or expanded; 
and if ſo, ſeeing that the Surfaces of Spheres are as the Squares of their Radi, 
this Power at ſeveral Diſtances will be as the Squares of thoſe Diſtances Reci- 
procally ; and then its whole Action upon each Spherical Surface, be it great 


_ or ſmall, will be always equal. And this is evidently the Rule of Gravita- 
tion towards the Centers of the Sun, Jupiter, Saturn, and the Earth, and = 
thence reaſonably. inferred, to be the general Principle obſerved by Nature 
im all the reſt of the Celeſtial Bodies. | | 


Theſe are the principal Affections of Gravity, from whichthe Rules of the 
Fall of Bodies, and the Motion of Projects, are Mathematically deducible. 


Body, 


0 : 

Body, let fall from any given Height, down to the Center, ſuppoſing the 
Gravitation to increaſe, as in the Fifth Property; but conſidering the Small- 
neſs of Height, to which any Project can be made to aſcend, and over how 
little an Arch of the Globe it can be caſt by any of our Engines, we may 
well enough ſuppoſe the Gravity Equal thro' out, and the Deſcents of Pro- 

jecls in Parallel Lines, which, in Truth, are towards the Center; the Diffe- 
rence being ſo ſmall as by no means to be diſcovered in Practice. 


Prop. I.] The Velocities of falling Bodies, are Proportionate to the Times from Propoſitions cons 
the Beginning of their Falls. „ 
This follows, for that the Action of Gravity being continual, in every ſpace Boe ant? 

of Time, the falling Body receives a new Impulſe, equal to what it had be- 4" of Pro- 
fore, in the ſame Space of Time, received from the ſame Power : For i1-16:4. 2.9. 
ſtance, in the Firſt Second of Time, the falling Body has acquired a Velo- 

city, which in that Time would carry it to a certain Diſtance, ſuppoſe 32 

Foot, and were there no new Force, would deſcend at that Rate with an 

Equable Motion; but in the next Second of Time, the ſame Power of Gra- 

vity continually Acting thereon, ſuperadds a New Velocity equal to the former; 

ſo that at the end of two Seconds, the Velocity is double to what it was at the 

end of the Firſt ; and after the ſame manner may it be proved to be Triple, 

at the end of the Third Second, and io on. Wherefore the Velocities of Fall- 

ing Bodies, are proportionate to the Times of their Falls. Q. E. D. A 


Prop. II.] The Spaces deſcribed by the Fall of a Body, are as the Squares of 
the Times from the Beginning of the Fall. „ 
Demonſtration.) Let AB repreſent the Time of the Fall of a Body, BC, Fg. 151: 
perpendicular to AB, the Velocity acquired at the End of the Fall, and Fs 
draw the Line A C; then divide the Line AB, repreſenting the Time, into 
as many equal Parts as you pleaſe, as 6, b, b, b, Sc. and thro” theſe Points 
draw the Lines, bc, bc, bc, bc, Sc. parallel to BC; 'tis manifeſt that the 
ſeveral Lines, bc, repreſent the ſeveral Velocities of the Falling Body, in ſuch 
parts of the Time, as Ab, is of AB, by the Former Propoſition. It is evident 
likewiſe that the Area, AB C, is the Sum of all the Lines bc, being taken 
according to the Method of Indiviſibles infinitely many; fo that the Area 
AB C, repreſents the Sum of all the Yelocities between none and B C, ſuppoſed 
infinitely many; which Sum is the Space deſcended in the Time repreſented 
by AB. And by the ſame Reaſon, the Areas A bc, will repreſent the Spaces 
deſcended in the Times Ab; fo then the Spaces deſcended in the Times 

AB, Ab, are as the Areas of the Triangle, ABC, Abc, which by the 
20th of the 16% of Euclid are as the Squares of their Homologous Sides AB, 
Ab, that is to ſay, of the Times: Wherefore the Deſcents of Falling Bodies, 
are as the Squares of the Times of their Fall. Q. E. D. 


Prop. III.] The Velocity which a Falling Body acquires in any ſpace of Time, 

is double to that, wherewith it would have moved the Space deſcended by an E- 
guable Motion, in the ſame Time, 5 a | 
.Ppp2 _ Deman- 


Demonſtration.] Draw the Line E C parallel to AB, and A E parallel 
to B C, and compleat the Parallelogram A B CE; it is evident that the Area 
thereof may repreſent the Space, a Body moved Equabiy with the Velocity 
BC, would deſcribe in the Time AB; and the Triangle ABC, repreſents 
the Space deſcribed by the Fall of a Body, in the fame Time AB, by the 
Second Propoſition. - Now the Triangle AB C, is Half of the Parallelogram 
AB CE; and conſequently the Space deſcribed by the Fall, is Half what 
would have been deſcribed by an Equable Motion with the Velocity B C, in 
the ſame Time: wherefore the Velocity B C, at the End of the Fall, is Don- 

ble to that Velocity, which in the Time AB, would have deſcribed the 
Space fallen, repreſented by the Triangle ABC, with an Equable Motion. 


TED 


Prop. IV.] All Bodies on or near the Surface of the Earth, in their Fall, de. 
ſcend ſo, as at the End of the Firſt Second of Time, they have deſcribed 16 Feet, 
one Inch, London Meaſure, and acquired the Velocity of 32 Feet, two Inches, 

in a Second, F043 8 
This is made out from the 284 Prop. Par. 2. Horol. Oſcill. Hugen. where- 
in he demonſtrates the Time of the leaſt Vibrations of a Pendulum, to be 
to the Time of the Fall of a Body, from the Height of Half the Length of 
5 the Pendulum, as the Circumference of a Circle to its Diameter: Whence, 
as a Corollary, it follows, That as the Square of the Diameter to the Square 
of the Circumference, ſo half the Length of the Pendulum vibrating Se- 
ö conds, to the Space deſcribed by the Fall of a Body in a Second of Time: 
ix je? and the Length of the Pendulum vibrating Seconds, being found 39,425, © 
| or Inches, the Deſcent in a Second will be found, by the aforeſaid Ana- 
logy, 16 Foot and one Inch: And by the Third Propoſition, the Velocity 
will be double thereto; and near to this it hath been found by ſeveral Ex- 
periments, which by reaſon of the Swiftneſs of the F all, cannot ſo exactly 
determine its Quantity. e 8. . 
| From theſe Four Propoſitions, all Queſtions concerning the Perpendicular 
| Fall of Bodies are eaſily ſolved, and either Time, Height, or Velocity being 
| aſſigned, one may readily find the other two. From them likewiſe is the 
Doctrine of Projefts deducible, aſſuming the two following Axioms viz. 
. 1. That a Body ſet a moving, will move on continually in a Kight Line with 


an Equable Motion, unleſs ſome other Force or Impediment intervene, where- 

by it is accelerated, or retarded, or deflected. natoth vdhbeoa cp 

2. That a Body being agitated by two Motions at a Time, does by their Com- 
pounded Forces paſs thro* the ſame Points, as it would do, were the two Mo- 

tions divided and ated ſucceſſively. As for inſtance, F | 

72 Suppoſe a Body moved in the Line G F, from G to R, and there ſtopping, 
Fe by another Impulſe ſuppoſe it moved in a Space of Time equal to the for- 
mer from R towards K to V; I ſay the Body ſhall paſs thro' the point V, 


| tho theſe two ſeveral Forces acted both in the ſame Time. 


Prop. V. 
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Prop. V.] The Motion of all Projects is in the Curve of a Parabola. 

Demonſtration.) Let the Line G R F be the Line in which the Project is 
directed, and in which by the fir/# Axiom it would move equal Spaces in equal 
Times, were it not deflected downwards by the Force of Gravity, Let GB 
be the horizontal Line, and GC a perdendicular thereto. Then the Line 
GRF, being divided into equal Parts, anſwering to equal Spaces of Time, 
let the Deſcents of the Project be laid down in Lines Parallel to G C, pro- 
portioned as the Squares of the Lines, GS, GR, GI., G F, or as the Squares 
of the Times, from S to T, from R to V, from L to X, and from F to B; 


and draw the Lines T H, VD, XY, BC, Parallel to GF: I fay, the 


Points T, V, X, B, are Points in the Curve deſcribed by the Project, and 

that that Curve is a Parabola. By the ſecond Axiom they are Points in the 
Curve ; and the Parts of the Deſcent GH, GD, GY, GC, =to ST, 
RV, LX, FB, being as the Squares of the Times (by the ſecond Prop.) 
that is, as the Squares of the Ordinates HT, DV, XIX, CB, equal to 


GS, GR, GL, GF, the Spaces meaſured in thoſe Times; and there being 


no other Curve but the Parabela, whoſe Parts of the Diameter are as the 
Squares of the Ordinates, it follows, that the Curve deſcribed by a Project can 


be no other than a Parabola : And ſaying, as RV, the Deſcent in Time, to 


GR, or VD, the direct Motion in the ſame Time; ſo is VD, to a third 
Proportional; that Third will be the Line called by all Writers of Conicks, 
the Parameter of the Parabola to the Diameter GC; which is always the 
fame in Projects caſt with the ſame Velocity: and the Velocity being defined 
by the number of Feet, moved in a Second of Time, the Parameter will be 


found by dividing the Square of the Velocity by 16 Feet 1 Inch, the Fall of 


_ a Body in the ſame Time. 


Lemma.) The Sine of the Double of any Arch, is equa! to twice the Sine of 
that Arch into its Co-Sine, divided by Radius, and the verſed Sine of the 
Double of any Arch, is equal to the Square of the Sine thereof divided by 
Radius. i 

Let the Arch BC be double the Arch BF, and A the Center ; draw 
the Radi AB, AF, AC, and the Chord BDC, and let Fall BE, per- 
pendicular to AC; and the Angle EB C, will be equal to the Angle 
BAD, and the Triangle BCE, will be like the Triangle ABD; 
wherefore it will be, as AB to AD; ſo BC, or twice BD, to BE; 
that is, as Radius to Co-Sine, ſo twice Sine to Sine of the double Arch ; and as 
AB to BD, ſo twice BD or BC, to EC; that is, as Radius to Sine, 
fo twice that Sine to the verſed Sine of the double Arch: which two Analogies 
reſolved into Equations, are the Propoſitions contained in the Lemna to be 
proved. 


Prop. VI.] The Horizontal diſtance of Projections made with the fame Vels- 
city, at ſeveral Elevations of the Line of Direction, are as the Sines of the doubled 
Angles of Elevation. | 


T Let 


Fig. 176 
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Fig. 19%; Let GB, the horizontal Diſtance be = 2, the Sing of the Angle of 
Elevation, F GB, be =, its Co-fine = c, Radius = 7, and the Para- 


meter =p. It will be, as c to „ fo zto i= FB=GC, and by 
; 6 


reaſon of the Parabola T to the Square of CB, or GF. Now as 
6 


ctor, ſo is to — F, and its Square == will be therefore to 
| 7 CE 


TER which Equation reduced, will be Z 2. But by the former 
c 28 | | 17 7 ED 
25C 
Sine: Wherefore *twill be, as Radius to Sine of double the Angle F GB, ſo 
is half the Parameter, to the horizontal Range or Diſtance ſought : and at the 
ſeveral Elevations, the Ranges are as the Sines of the double Angles of Elevation. 


Q. E. D. 


6 Coroll.] Hence it follows, That half the Parameter is the greateſt Random, 

| Aud that that happens at the Elevation of 459, the Sine of whoſe double is Radius. 
Likewiſe, That the Ranges equally diſtant above and below 459 are equal, as 
are the Sines of all doubled Arches, to the Sines of their doubled Complements, 


Lemma 


is equal to the Sine of the double Angle, whereof 5 is the 


* 


Prop. VII.] The Altitudes of Projections made with the ſame Velocity, at ſe- 
weral Elevations, are as the verſed Sines of the doubled Angles of Elevation. 


As c is to 5, ſo is © GB, to. BF, and VK = RV 


FF * | | 
=5% BF, the Alitude of the Projetion = —— Now by the foregoing 


Lemma 255 == to the ver/ed Sine of the double Angle; and therefore it will 
CP | ok 


be, as Radius to verſed Sine of double the Angle F GB, ſo g of Parameter 
to the height of the Projection VK; and ſo thoſe Heights at ſeveral Eleva- 
tions are as the ſaid verſed Sines, Q. E. D. 


Coroll.] From hence it is plain, That 2he greateſt Altitude of the Perpendi- 


cular Projection is a 4th of the Parameter, or half the greateſt horizontal Range : 
The verſed Sine of 180 Degrees being = 2 v. : 


Prop. VIII.] The Lines GF, or Times of the Flight of a Projeft caſt with the 
fame degree of Velocity at different Elevations, are as the Sines of the Elevations. 


As 


e _ 
As cis to r, ſo is 2.26 (by the 6 Prop.) to g GF, that is, 


rr 7 

as Radius to the Sine of Elevation, ſo the Parameter to the Line GF; ſo the 
Lines G F are as the Sines of Elevation, and the Times are proportional to 
thoſe Lines; wherefore the Times are as the Sines of Elevation: Ergo conſtat 
Propoſilio. | | 


Prop. IX. Prob. 1.] A Projection being made, as you pleaſe, having the Di- 
ſtance and Altitude, or Deſcent of an Object, thre which the Project paſſes, toge- 
ther with the Angle of Elevation of the Line of Direction; to find the Parame- 
ter and Velocity; that is, (having the Angle FGB,) GM, and MX. 

Solution.) As Radius to Secant of FG B, ſo GM the diſtance given, to 
GL; and as Radius to Tangent of F GB, ſo GM to LM. Then LM 
MX in Heights, or + M X in Deſcents: or elſe MX— ML, if the 
Direction be below the Horizontal-Line, is the Fall in the Time that the direct 


Fig. 172 · 


Impulſe given in G, would have carried the Project from G to L LX . 


= GY ; then by reaſon of the Parabola; as LX, or GY, is to GL or 


IX; ſo is GL, to the Parameter ſought. To find the Velocity of the Im- 
pulſe, by Prop. 2. and 4. find the T:me in Seconds that a Body would fall 
the Space LX, and by that dividing the Line GL, the Quote will be the 


Velocity, or Space moved in a Second ſought, which is always a mean Propor- 


tional between the Parameter and 16 Feet, 1 Inch. 


Prop. X. Prob. 2.] Having the Parameter, Horizontal Diſtance, and 


Height or Deſcent of an Object; to find the Elevations of the Lines of Di- 


reftion neceſſary to hit the given Object; that is, having GM, MX, and 
the greateſt Random equal to half the Parameter; to find the Angles 


FGB. 


Let the Tangent of the Angle ſought be =, the horizontal Diſtance 


GM b, the Altitude of the Object MX — +, the Parameter p, and 
Radius ; and it will be, as to 7, ſob to EM L; and 46 ＋ b 
„ 7 


Lin Aſcents Tx. at 2197 2 3 J. XT 4. ratione Pa- 
in Deſcents | g 
1 1 


rabolæ; but h b + 


r 4 r 
Yb 222, which Equation tranſpoſed, is L 
. "= rs FF 
ob + bs divided by 3b, is 2542-2. i. This Equarin 
1 „ = HP & 8 85 


ſhews the Queſtion to have two Anſwers, and the Roots thereof are - 


—— 
— 


= GL 9. (47. 1. Euclid.) Wherefore £ tb 
r | | ; 
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i; from which I derive the following Rule. 
Divide half the Parameter by the Horizontal Diſtance, and keep the Quote, 


viz. ; then ſay, as Square of the Diſtance given to half the Parameter, 
2b 


Sy Height 
ſo half Parameter > double S to the Square of a Seca. — 
„ Deſcent F 5 


5 EY 2, the Taygent anſwering to that Secant will be“ PPÞ4 Pb i 
1 33 3 43 

or rr: ſo then the Sum and Difference of the afore- found Quole and this 

Tangent, will be the Root of the Equation, and the Tangent of the Elevations 


ſought. PET: 4 

Mete here, That in D-/cents, if the Tangent exceed the Quote, as it does 
when p h is more than bb, the Direction of the lower Elevation will be be. 

low the Horizon; and if ph == h b, it mult be directed Horizontal, and the 


Tangent of the upper Elevation will be 7.7 : Note likewiſe, That if 435 


＋ 47 b. in Aſeents, or 4 b b — 4 bin Deſcents, be equal to p 7, there 
is but one Elevation that can hit the Objelt, and its Tangent is”, and if 
: | 


| ; 2 1 85 
45 b 4p hin Aſcents, or 4 bb 4p h in Deſcenis, do exceed p p, the 
Objelt is without the Reach of a Project caſt with that Velocity, as 10 che 
thing impoſſible. l 


From this Equation 4b JAP D p p, are determined the utmoſt Li 
mits of the Reach of any Project, and the Figure aſſigned, wherein are all 
the Heights upon each horizontal Diſtance, beyond which it cannot paſs; 
for by Reduction of that Equation, b will be found =+ þ £55.45 ae 
55 1 ; 

in Heights, and — — $ in Deſcents; fromwhence it follows, that all the 
Tj | 0 | 
Points h are in the Curve of the Parabola, whoſe Focus is the Point from 


whence the Project is caſt, and whoſe Latus Rectum, or Parameter ad Arem 
ds =p. Likewiſe from the ſame Equation may the leaſt Parameter or Veloci- 
y be found capable to reach the Object propoſed; forbþ =» P JP 
| | Ab in Aſents > 

which is the 


being reduced, 2 pwill be = * D * 
Fo bin Deſcenis 
Horizontal Range at 45%, that. would juſt reach the Obje, and the Elevation 

requi- 
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requiſite will be eaſily had; for dividing the ſo found Semi-Parameter by the 


Horizontal Diſtance given, b, the Quote into Radius will be the Tangent of the 
Elevation ſought, 


But if a Geometrical Conſtruction of this Problem be required, I thinkThave 
one, that is as eaſy as any can be expected, which I deduce from the fore- 


t P JVI} Fpb—=30; 
po BD | 5 5 


going Analytical Solution, Viz, 


and ' tis this: Having made the right Angle LD A, make DA, DF =», or 
greateſt Range, DG =b, the Horizontal Diſtance, and DB, DCS, the 
Perpendicular Height of the Object; and draw GB, and make DE = thereto. 
Then with the Radius A C, and Center E, ſweep an Arch, which if the 
thing be poſſible, will interſect the Line AD, in H; and the Line D H, 
being laid both ways from F, will give the Points K, and L, to which draw 
the Lines GL, G K; I fay, the Angles L GD, K GD, are the Elevations 
required for hitting the Object, B. But Note, That if B be below the Hori- 
20on, its Deſcent D C= DB, muſt be laid upon A, ſo as to have AC =— 
AD+DC. Note likewiſe, That if in Deſcents, DH be greater than FD, 
and ſo K fall below D, the Angle K GD ſhall be the Depre/ion below the 
Horizon. 
When I gave the preceding Solution of this Problem, viz. To hit an Object , 216. p. 69. 
above or below the Horizontal Line, with the greateſt Certainty and leaſt Force, I Mar. Au. 1655. | 
was not aware, that the Elevation there ſought did conſtantly bi/e the 
Angle between the Perpendicular and the Object, as is demonſtrated from the 
Difference and Sum of the Tangent and Secant of any Arch, being always 
equal to the Tangent and Co-Tangent of the half Complement thereof to a 
Quadrant. But having diſcover'd this, Ithink nothing can be more compen- 
dious, or bid fairer to compleat the Art of Gunnery, it being as eaſy to ſhoot 
with a Mortar at any Object on demand, as if it were on the Level; neither 
is there need of any Computation, but only ſimply laying the Gun, to paſs - 
in the middle Line between the Zenith and the Object, and giving it its due 
Charge. Nor is there any great need of Inſtruments for this purpoſe : For, if 
the Muzzle of the Mortar be turn'd truly Square to the Bore of the Piece, as 
it uſually is, or ought to be, a piece of Looking-Glaſs Plate applied Parallel 
to the Muzzle, will, by its Reflection, give the true Poſition of the Piece; — 
the Bombardier having no more to do, but to look perpendicularly down on 
the Looking-Glaſs, along a ſmall Thread with a Plummet, and to raiſe or 
depreſs the Elevalion of the Piece, till the Object appear reflected on the 
ſame Point of the Speculum onwhich the Plummet falls; for the Angle of In- 
cidence and Reflection being Equal, in this caſe a Line at Right Angles to the 
Speculum, as is the Axis of the Chaſe of the Piece, will Lide the Angle - 
between the Perpendicular and the Object, according as our Propoſition | 
—_—.-. | 
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find the two Elevations neceſſary to ſtrike that Object. 
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Prop. XI. Prob. 3.] A Shot being made on an inclined Plane, having the Io. 
rizontal Diſtance of the Object it ſtrikes, with the Elevation of the Piece, aid 
the Angle a! the Gun between the Object and the Perpendicular , lo find the greate/} 
Horizontal Range of that Piece, laden with the ſame Charge; that is, half the 


Latus Rectum of all the Parabolze*made with the ſame Impetus. 


Take half the Diſtance of the Object from the Nadir, and take the Diffe- 


rence of the given Elevation from that Half; the verſed Sine of twice that 


Difference ſubtract from the ver/ed Sine of the Diſtance of the Object from 
the Zenith: Then ſhall the Difference of thoſe verſed Sines be to the Sine of 
the Diſtance of the Object from the Zenith, as the Horizontal Diſtance of the 


Object ſtruck to the greateſt Horizontal Range at 45”. 


Prop. XII. Prob. 4) Having the greateſt Horizontal Range of a Gun, ,. 
Horizontal Diſtance and Angle of Inclination of an Object to the Perpendicular , ty 


Halve the Diſtance of the Object from the Nadir ; this Half is always equal 


to the Half Sum of the two Elevations we ſeek. Then ſay, as the greateſt 


Horizontal Range, is to the Horizontal Diſtance of the Object; ſo is the 
Sine of the Angle of Inclination, or Diſtance of the Object from the Perpen- 


3 : ; P 
dicular, to a 4% Proportional; which 4% being ſubtracted from the vers 


| ſe 

Sine of the Diſtance of the Object from the Zenith, leaves the verſed Sine of 
the Difference of the Elevations ſought ; which Elevations are therefore had, 
by adding and ſubtracting that half Difference to, and from, the aforeſaid 


half Sum. 


Prop. XIII.] 7. , determine the Force or Velocity of a Project, in every Pater 
of the Curve it deſcribes. 


To do this, we need no other Præcognita, but only the Third Propoſition, 
viz. That the Velocity of falling Bodies is double to that, which in the ſame Time 


would have deſcribed the Space fallen by an equable Motion: For the Veloci 
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of a Project is compounded of the conſtant equal Velocity of the mort 
Motion, and the Velocity of the Fall, under, a given Angle, viz. the Com- 
plement of the Elevation: For inſtance, In the Time wherein a Project would 
move from G to L, it deſcends from L to X, and by the third Propoſitio: 
has acquired a Velocity, which in that Time would have carried it by an equa- 
ble Motion from L to Z, or twice the Deſcent L X; and drawing the 
Line GZ, I ſay the Velocity in the Point X, compounded of the Velocities 
GL, and L Z, under the Angle GL , is to the Velocity impreſſed in the 


Point G, as G Z is to GL; this follows from our ſecond Axiom; and b 


: e y 
the 20th and 21/t Prop. Lib. 1. Conic. Midorgii, XO, Parallel and Equal to 


682, ſhall touch the Parabola in the Point X. So that the Pelocities in the 


ſeveral Points, are as the Lengths of the Tangents to the Parabola in thoſe 
Points, intercepted between any two Diameters: and theſe again are as the 
Secants of the Angles, which thoſe Tarngents continued make with the Hori- 
zontal Line GB. From what is here laid down, may the comparative Force 


2 of 
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of a Shot in any two Points of the Curve, be either Gcometrically or Arith- 
metically diſcovered. | 

Coroll.] From hence it follows, That the force of a Shot is always leaſt at 
V, or the /ertex of the Paralola; and th at at equal Diſtances therefrom, as at 
T and X, G and B, its force is always equal; and that the leaſt Force in V, 
is to that in G and B, as Radirs to the Secant of the Angle of Elevation, FGB. 

The Temth Propoſition contains a Problem, untouched by Torricellins, which | 
is of the greateſt ule in Gunnery, and for the ſake of which this Diſcourſe | | | 
was principally intended. It was firſt ſolved by Mr. Ander/57, in his Book | 
of the Genuine Uſe and Effects of the Gun, printed in the Year 10674. bur | 
his Solution required ſo much Calculation, that it put me upon Search, whe- | 
ther it might not be done more eaſily; and rhereupon in the Year 1678, | | 
found out the Re I now publiſh, and from it the Geometrical Confſtructi- i 1 
on: Since which time, there has a large Treatiſe of this Subject, Intitled, _ | 
L' Art de Fetter les Bombes, been publiſhed in France by M. Blondel, where 
in he gives the Solutions of this Problem, by Meſſieurs Bout, Romer, and do la 
{cir but none of them are the ſame with mine, or in my Opinion more | 
caſy. . 85 
It was formerly the Opinion of thoſe concerned in Artillery, That there 
was a certain requiſite of Powder for each Gun, and that in Mortars where 
their Diſtance was to be varied, it muſt be done by giving a greater or leſſer — 
Elevation to the Piece. But now our later Experience has taught us, That 0 
the ſame thing may be more certainly and readily performed, by increaſing 
and diminiſhing the quantity of Powder, whether regard be had to the Exe- 
cution to be done, or to the Charge of doing it. For when Bombs are diſ- 
charged with great Elevations of the Mortar, they fall too Perpendicular, 
and bury themſelves too deep in the Ground, to do all that Damage they 
might, if they came more oblique, and broke upon or near the Surface of I 
the Earth; which is a thing acknowledged by the beſieged in all Towns, who N | 
unpave their Streets to let the Bombs bury themſelves, and thereby ſtifle the 
force of their Splinters. A Second Convenience is, that at the extreme Elevati- 
on, the Gunner is not obliged to be ſo curious in the Direction of his Piece, | 
but it will ſuffice to be within a Degree or two of the Truth; whereas in the -— 
other method of Shooting, he oughtto be very curious. But a Third and no 
leſs conſiderable Advantage is, in the ſaving of the King's Powder, which in fo © 
great and ſo numerous Diſcharges, as we have lately ſeen, muſt needs amount 
to a conſiderable Value. And for S Mortars it is ſcarce practicable other— 
wiſe to uſe them, where the Agilalion of the Sea continually Changes the Di. 
refion of the Mortar, and would render the Shot very uncertain, were it 
not that they are placed about 45% Hlevalion, where ſeveral Degrees above 
or under makes very little difference in the Efec7. 85 
It only remains, by good and valid Experiments, to be aſſured of the Force 1144, p. 50. 
of Gun-Powder ; how to make and conſerve it equal; and to know the Ef. 
fect thereof in each Piece; that is, how far differing Charges will caſt the 
ſame Shot out of it; which may moſt conventently be Engraven on the out- 
ſide thereof, as a ſtanding Direction to all G], who ſhall from thence 


Qqq ho forward 
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forward have occaſion to uſe that Piece: And were this Matter well aſcer. 
tained, it might be worth the while to make all Mortars of the like Diameter, 
as ncar as may be alike in Length of Chaſe, Weight, Chamber, and all other 
Circumſtances. f b 

19. l. 19. Now the foregoing Rules would be rigidly true, were it not for the Oppo/7. 
tion of the Medium, whereby not only the direct impreſſed Motion is con- 
tinually retarded, but likewiſe the Increaſe of the Velocity of the Fall, ſo 
that the Spaces deſcribed thereby, are not exactly as the Sguares of the 
Times : But what this Oytoſition of the Air is, againſt ſeveral Velocitics, 
Bulks, and Weights, is not ſo eaſy to determine. Jis certain, That the 
Weight of the Air to that of Mater, is nearly as 1 to 800 3 whence the Meighe 
thereof, to that of any Prcef is given: *tis very likely, that to the ſame 
Velocity and Magnitude, but of different Matter, the Oppoſition ſhould be 
reciprocally as the Weights of the Shot; as likewiſe that to Sho? of the ſame 
Velocity and Matter, but of different Sizes, it ſhould be as the Diameters 

reciprocally: Whence generally the Oppoſition to Shot with the ſame Velocity, 
but of differing Diameters, and Materials, ſhould be as their Specifick Gra- 
vities into their Diameters reciprocally: but whether the Oppoſition to differ- 
ing Velocities of the ſame Shot, be as the Squares of thoſe Velocities, or as the 
Velocities themſelves, or otherwiſe, is yet a harder Queſtion, However it be, 
tis certain, That in large Shot of Metal, whoſe Weight many thouſand 

times ſurpaſſes that of the Air, and whoſe Force is very great in proportion 
to the Surface wherewith they preſs thereon, this Oppoſitionis ſcarce diſcernible : 
For by ſeveral Experiments, made with all Care and Circumſpection, with a 
Mortar- Piece, extraordinary well fixed to the Earth on purpoſe, which carried 
a ſolid Braſs Shot of 4 Inches Diameter, and of about 14 Pound Weight, 
the Ranges above and below 45®, were found nearly equal; if there were 
any Difference, the under Ranges went rather the fartheſt, but thoſe Diffe- 
rences were uſually leſs than the Errors committed in ordinary Practice, by 

the unequal Goodneſs and Dryneſs of the ſame ſort of Powder, by the Unfit- 
neſs of the Shot to the Bore, and by the Looſeneſs of the Carriage. Ina 
ſmaller Braſs Shot of about an Inch and half Diameter, caſt by a Croſ5-Boxy, 

. which ranged it at moſt about 400 Foot, the Force being much more equal 
then the Mortar Piece, this Difference was found more curiouſly, and con- 
ſtantly, and moſt evidently, the under Ranges out-went the upper. From 
which Trials J conclude, That altho in ſmall and light Shot the Oppoſition 

of the Air, ought and muſt be accounted for ; yet in ſhooting of great and 

weighty Bombs, there need be very little or no Allowance made: and ſo theſe 

| Rules may be put in Practice to all Intents and Purpoſes, as if this Impedi- 
ment were abſolutely removed. | 


Thr Meaſeef IX. 1, In order to compute the Reſiſtence of the Air to all Profects, ] firſt 
the Air's Reſt. , l | . | | | 

hence to Bodies, Premiſe this Lemma (as the moſt rational that doth occur, for my firſt foot- 

moved init , by ing) That (ſuppoſing other things equal) % Reſiſtence is proportional to the 

Dr. Wallis. I : . . 7 

n. 186. 2. 269. Celerity. For in a double Celerity, there is to be removed (in the ſame time 

Jan. As. 3657* twice as much Air (which is a double Inipediment; ) in a treble, thrice as much; 

and ſo in other Proportions. 


2. Sup- 
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2. Suppoſe we then the Force impreſſed (and conſequently the Celerity, 
if there were no Re/i/tence) as 1; the Reſiſtence as r (which muſt be leſs than 
the Force, or elſe the Force would not prevail over the Impediment, to 
create a Motion.) And therefore the effective Force at a firſt Moment, is to 
be reputed as 1 —7 : That is, ſo much as the Force impreſſed, is more 
than the Impediment or Reſiſtence. 1 ; 
3. Beit as 1 — 1 to 1, ſo 1 to m (which ms therefore greater than 1.) 
4. And therefore the effective Force (and conſequently the Celerity) as 


0 4 firſt Moment; is to be — of what it would be, had there been no 
Reſiſtence, 
„ A 00 —is alſo the remaining Force after ſuch firſt Moment ; and 


m | 
this remaining Force 1s (for the ſame Reaſon) to be proportionably abated 


9 8 7 * R I i | :£ 5 
as to a ſecond Moment: That is, we are to take — thereof, that is, 


— of the impreſſed Force, And for a third Moment (at equal Diſtance 


of Time) —— ; for a fourth — ; and ſo onward infinitely. 
MMM N m + 
6. Becauſe the Length diſpatched (in equal Times) is proportional t 
the Celerities 3 the Lines of Motion (anſwering to thoſe equal Times) are 
to be as : : — _ —, &c. of what they would have been in 
"Mm Ow wm = 

the ſame Times, had there been no Reſiſtence. | 
. This therefore is a Geometrical Progreſſion ; and (becauſe of m greater 
than 1) continually decreaſing. 5 

8. This decreaſing Progreſſion infinitely continued (determining in the 


fame Point of Reſt, where the Motion is ſuppoſed to expire) is yet of a fi- 


nite Magnitude, and equal to _ of what it would have been in ſo 
much time, if there had been no Re/iſtence : As is demonſtrated in my 
Algebra, Chap. 95. Prop. 8. For (as I have elſewhere demonſtrated) the 


Sum Or Aggregate of a Geometrical Progreſſion is os (ſuppoſing V_ 


the greateſt Term, A the leaſt, and R the common Multiplier 3 That is, 
VR A 


g_ Now in the preſent Caſe (ſuppoſing the Progreſſion 


infinitely 


Fg. 275. 
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infinitely continued) the leaſt Term A, becomes infinitely ſmall, or S 


And conſequently OT doth alſo vaniſh, and thereby the Aggregate be- 


comes DE, That 1s (as will appear by Dividing V'R by R — 15) 


7 

VR 

TRY U K ＋ + Sc. = way ; (hippolitge.” the Progreſſion 

to 8 at V — 1.) That is, (dividing all by R, that 2 the Progreſſion 
V 72 V 


V 
may begin at = — „ Pg Sc. That 


R mM Kt K . 
I 


is, in our preſent Caſe (becauſe of V = 1, and R = = m) — — — + 8 


1 * 
— S. That is (putting 1 1 — 997 4:08 "wit it 
INE M—T 7 


would have been, if there had been no Re/ Hence. 
9. This infinite Progreſſion is fitly expreſſed by an Ordinate in the Ex- 


 zerior Hyperbola, parallel to one of the Ahymptotes; and the ſeveral Mem- 


bers of that, by the ſeveral Members of this, cut in Continual Proportion : 


As 1s there demonſtrated at Prop. 15. For let SH be an Hyperbola be- 


tween the A/ymprotes, AB, AF: And let the Ordinate DH (in the 


Exterior 8 parallel to A F) repreſent the impreſſed Force undi- 


miniſned; or the Line to be deſcribed in ſuch Time, by a Celerity anſwer- 
able to. ſuch Undiminiſh'd Force. And let BS (a like Ordinate) 6 


Hm 


thereof; which therefore, being leſs than D H (as being equal to a part 


of it) will be further than it from A F. In AB (which I put 1, 
let B d be ſuch a part thereof, as is BS of DH. Now becauſe (as 
1s well known) all the inſcribed Parallelograms, in the Exterior Hyperbola, 
AS, AH, Sc. are equal; and therefore their Sides reciprocal : 


Therefore as Ad = 1 — —.— ( ſuppoſing B d, to be taken from B 


toward A, to A B I, (or as 1 m :) ſo s BS=—DHto 


F b, which is therefore equal to — of DH; that is (as will ap- 
1155 


1 


gest by Dividing 1 by — — 4 Se. of D H. 


ith , 
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Or if Bd be taken beyond B: then as Ad =1 4- 2 to AB t, 
2 


| | : I : : © 0g 
or as m +1 tom, ſo is * H, to dh, which is therefore equal to 


1 D H; that is, (as will appear by like dividing of 1 by m — 1 5) 
2 | 


—— oa — 


| BY: I I | 
= od. 888 —, Sc. of D H. 


"oo mm mM* 


10. Let ſuch Ordinate d h, or (equal to it in the Aſymptote) A F, be fo 
divided in L, M, N, Sc. (by Perpendiculars cutting the Zyperbola in 1, n, u, 


Sc.) as that FL, LM, MN, be as = _ , That is, fo 


3 
m mm in; 


continually decreaſing, as thateach Antecedent be to its Conſequent, as 1 to 


1 | 
Mm 
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11. This is done by taking AF, AL, AN, Sc. in ſuch Proportion. For, 


of - continual Proportionals the Differences are alſo continually Proportional, 


and in the ſame Proportion. For let A, B, C, D, Fc. be ſuch Proportionals, 


and their Differences, a, b, c, Sc. That is, A — B Sa, B — CS b, 


C—D=c, &c. 


Then becauſe, A, B, C, D, Sc. are in continual Proportion; 
. 
And dividing, A —B: B:: B — C: C:: C- D: D: :, Ge. 
JJC | 8 8 
And Alternately; a. b. c. Sc. :: B. C. D. Sc. :: A. B. C. Sc. 
That is, In Continual Proportion, as A to B, or as to 1. 


12. This being done; the Hyperbolick Spaces FI, L m, M n, Sc. are 


equal, as is demonſtrated by Gregory San-Vincent ; and as ſuch is commonly 
admitted. „ N 
13. So that FI, L m, Mn, &c. may fitly repreſent equal Times in 


which are diſpatched unequal Lengths, repreſented by FL, LM, MN, 


14, And becauſe they are in Number infinite, (tho equal to a finite 
Magnitude) the Duration 1s infinite ; and conſequently the impreſſed Force, 


and Motion thence ariſing, never to be wholly extinguiſhed (without ſome 
further Impediment) but perpetually approaching to A, in the Nature of 


Aſymptotes. 


15. The Spaces F /, Fm, Fn, Sc. are therefore as Logarithms (in 


Arithmetical Progreſſion increaſing) anſwering to the Lines, AF, A L, 
AM, Ge. or to FL, LM, MN, Sc. in Geometrical Progreſſion de- 
creaſing. 5 5 | 


16. Be- 


928585 


6488) 
16. Becauſe FL, LM, MN, Sc. are G Sc. infinitely 


u, MM me 
terminatedat A ; therefore (by Prop. 8.) their Aggregate F A, or d h, is 
to DH, (fo much Length as would have been diſpatched in the fame Time, 
by ſuch impreſſed Force undiminiſhed) as 1 to m— 1 7. 


17. If therefore we take, as1tosn, ſo AF to DH; this will repreſent 
the Length to be diſpatched, in the ſame Time, by ſuch undiminiſhed 
Force, #7 | 


18. And if ſuch DH be ſuppoſed to be divided into equal Parts innvine. 
rable (and therefore infinitely ſmall ;) theſe anſwer to thoſe (as many) Parts 
unequal in F A, or 5 d. | 


19. But, what is the Proportion of 7 to 1, or (which depends on it) of 1—- - 
to 1, or 1 tom; remains to be enquired by Experiment, Ne 
20. If the Progreſſion be not infinitely continued; but end (ſuppoſe) 


1 8 
at N, and its leaſt Term be A M N Then out of —— + — + 


| | A : = 
Os 6. » + Se. is to be ſubducted SP ( as at Prop. 8.) that is, 


n in N. 


| "rr 5 A A = 2 3 | 
(as by Diviſion will appear) 7 8.8 I? + Sc. That is, (in our 


preſent Caſe ) — +— + —+ Sc. And fo the Aggregate will be 


ad 
1 —04 122 1— 4 I — 0a 
— — + Ce. 
m T m m ” mm? T 7 


And thus as to the Line of Projection, in which (ſecluding the Reſting) 
the Motion is reputed uniform; diſpatching equal Lengths at equal 
Times. Conſider we next the Line of Deſcent. e To | 

21. In the Deſcent of Heavy Bodies, it is ſuppoſed, that to each Moment 


of Time, there is ſuperadded a new Impulſe of Gravity to what was before: 
And each of theſe, ſecluding the Conſideration of the As Reſiſtence, to pro- 


ceed equally (from their ſeveral beginnings) thro the ſucceeding Moments. 


As, (in the Erect Lines) IIII Sc. III Sc. II Sc. I Sc. and fo continually, 
as in the Line of Projection. . 


22. Hence ariſeth (in the Tranſverſe Lines) for the firſt Moment 1, for 
the ſecond 1 + 1, for the third 1 + 1 + 1, and ſo forth, in Arithmetical 


Progreſſion, As are the Ordinates ina Triangle at equal Diſtance. 


23. And ſuch are the continual Increments of the Diameter, or of the 
Ordinates in the Exterior Parabola, anſwering to the interior Ordinates, or 


Segments of the Tangent, equally increaſing 3 as is known, and commonly 


admitted. 


44. It 
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24. If we take in the Conſideration of the Airs Reſiſtance; we are then 


for each of theſe equal Progreſſions, to ſubſtitute a decreaſing Progreſſion 
Geometrical ; in like manner (and for the lame Reaſons) as in the Line of 


_ 
— 
—_—  —— - 

— — — Go 


; — — — — _ — 
— — — — — 


4 
1 
1. 
— 
15 
vl 
oF 
? 
1 
* 
. 
* 
} 
U 


Projection. 
1 5 
25. Hence ariſeth for the firſt Moment for the ſecond m . 
I mam 
— + == ; for the third —— +—3 + =; &c. And ſuchis 2 
mM 2 Hl ol i. 
therefore the Deſcent of a heavy Body falling by its own Weight. The fe- ©_» 1 
veral impulſes of Gravity being ſuppoſed equal, m4 m? m m 


. 26. That is, as FL, FM, FN, Sc. in the Line of Deſcent; anſwering" e wh 
to FL, LM, MN, Se. in the Line of Projection. 

. But cho the Progreſſions for the Line of Projection, are lik e to each 

of thoſe many in the Line of Deſcent: It is not to be thence inferred, 


that therefore 


| I 5 
0 in the one is is equal to — in the other: But in the 


Line of Projection (ſuppoſe jun V (ſuch a part of the Force impreſſed, 


and a Celericy anſwerable :) in the Line of Deſcent g, (ſuch a part 


of the impulſe of Gravity . | 
28. Thoſe for the 222 of Deſcent (of the ſame Body) are all equal RY 
to other : Becauſe g, (the new Impulſe of Gravity) in each Moment is 1 5 
. to be the ſame. 
But what is the Proportion of / to g (that is, of the Force impreſ- 


td, to the Impulſe of Gravity, in each Body) remains to be enquired by 
perimenl. 


30. This proportion being found as to one known Force; the fame i is 


thence known as to any other Force (whole Proportion to this is given) in 
the ſame uniform Medium. 


31. And this being known as to one Medium, the ſame is thence known 
as to any other Medium, the Proportion of whole, Reſiſtence to that of this 


is Known. 
32. It a heavy Body be projected downward in a a Perpendicular Line, it 
deſcends therefore at the 1 rate — : 9 7 — 96. of / (the en 
| 2 m 2 
1 1 


Force) mcrealed by ——, 


C 


of g, the Impulſe of fins by 3 5. 05 ?. 2 5, 9 Wy - Forces 
are here united, 
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33. If in a perpendicular Projection upwards ; it aſcends in the Rate of 
the former, abated by that of the Jatter. Becauſe here the Impulſe of 
Gravity is contrary to the Force impreſſed. | 
34. When therefore this Jatter (continually increaſing) becomes equal 
to that former (continually decreaſing) it then ceaſeth to aſcend ; and doth 
thenceforth deſcend at the rate wherein the latter continually exceeds the 
former. 


35. In an Horizon or oblique Projection: lf to 3 whoſe 
Increments are as FL, L M, M N, Sc. that is, — 5, Ge. be fitted 
Ordinates (at a ae Angle) whoſe Increments are as F 1. F M, FN, Ge. 


that is, as — 1 Sc. The Curve anſwering tO the Compound of theſe 


Motions, is chat wherein the Project is to move. 

36. This Curve (being hitherto without a Name) may be called Linea 
Projectorum, the Line of Projects, or things projected; z Which reſembles a 
Parabola deformed. 


37. The Celerity and Tendency, as to each Point of the Line, is deter- 
mined by a Tangent at that Point. 

38. And that againſt which it makes the greateſt Stroak or Percuſſion, is 
that which (at that point) is at right Angles to that Tangent. 
0. 8 the Projection (at pag. 25.) be not infinitely continued, but ter- 
minate (ſuppoſe) at N, ſo that the laſt Term in the firſt Column or Series 
_ erect, be a; and conſequently i in the ſecond, 4; in the third mm a, Fc. 

(each Series having one Term fewer than that before it:) then (for the 


ſame Reaſons as os P. 20.) the png of the ſeveral Columns (or erect 
—2 ima I—mma 
Series) wlll 633 - , and ſo forth, till (the Multi- 


n nA n 
ple of a becoming = = 1,) the Progreſſion expire. 

40. Now all the Abatements here, a, m a, m m a, Sc. are the ſame with 
the Terms of the firſt Column taken backward, For a is the laſt, m a the 
next before it; and fo of the reſt. 

41. And the Aggregate of all the Numerators is ſo many times 1, as is 
the Number of Terms (OP ') wanting the firſt Column; that is, 


{— — Or . of and this again divided bs the common De- 


11— 1442 — Fe, 
nominator , becomes 2 And therefore, - RY —— , is the 


Line of Deſcent by its own Gravity. 


7 —.— "= 


— — = — SED * 
. . — ES 
2 — — 8 * * 
— — — —— . 
para — . — — 1 
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42, If therefore this be added to a projecting Force downward in a Per. 
* or ſubducted from ſuch projecting Force upward; ; Jus is to or 


from — "Fr The Deſcent in the firſt Cafe, will be ES f + 


N 7 j 
3 g; and the Aſcent in the other Caſe — —— LES, 1 
1 7 „ ! | 


And in this latter Caſe, when the Ablative part becomes equal to the Poſi- 
tive part, the Aſcent is at the higheſt : And chenceforth — Ablative part 
exceeding the Poſitive) it will deſcend. 


2 A Fs _ - * ” * 
. 
Fae -- 223 


— — — — — — — ———5ñ — 2 WIE Top = 
_ - — — — —— — — 
. = 22 > WY ut = ECTS = — - 
2 — - . * , 2 * 4 — — CE a * 8 
7 #4 n — . 7 I 
1 - * —— n — — — — * — — — 
TS "WS EL — — — —— 2. — 2 2 — . 


43. In an Horizontal or Oblique Projection, having WR nm. 4, im the: | 
Line e and thence (at the Angle given) — — £ g. in the 


nn 

Line of Deſcent ; the point in the Curve anſwering to thele, is the place 
of the Project anſwering to that Moment. 

44. I am aware of ſome Objections to be made, whether to ſome Points 
of the Proceſs, or to ſome of the Suppoſitions. But I ſaw not well how to 
wave it, without making the Computation much more perplexed, And in 
a matter ſo nice, and which muſt depend upon phyſical Obſervations, *twill 
be hard to attain ſuch Accuracy, as not to ſtand in need of ſome Allow- 
ances. 

45. Somewhat might have bat further added, to direct the Experiments 
ſuggeſted at P. 19. and 29, But that may be done at leiſure, after Deli- 
beration had, which way to attempt the Experiment. 

46. The like is to be ſaid of the different Reſiſtence which different Bo- 
dies may meet with in the fame Medium, according to their different Gravi- 
ties, (extenſively or intenſively conſidered) and their different Figures and 
Poſitions in Motion : Whereof hitherto we have taken no account ; but 
ſuppoſcd them, as to all theſe, to be alike and equal. 

47. The Computation (in P. 39, 40, 41) may, if that be alſo deſired, be Fg. 176, 177: 
thus repreſented by Lines and Spaces. The Ablatives, a, ma, mm a, ge. 
(being the ſame with the firſt Column taken backward) are ly repreſented 
by the Segments of N F, (beginning at N) and therefore by Parallelograms 
on theſe Baſes, aſſuming the common height of FV, or N Q; the Aggr e- 
gate of which is N, or F Q, and fo many times 1, by fo many equal 
Spaces, on the ſame Baſes, between the {ame Parallels terminated at the A- 
perbela , the Aggregate of which is þ FN Q n, From whence if we ſubduct 
the Aggregate of Ablatives FQ; the remaining Trilinear / Q, repre- 
ſents the Deſcent. 

48. If to this of Gravity, be June a Projecting Force; which is to the 
impulſe of Gravity, as Y K to F, (be it greater, leſs, or equal) taken in 
the ſame Line; the ſame Parallels determine proportional Parallelograms, 


- whoſe Aggregate is K Q. 


— - 
= - » —_—_ 
2 — 
. a i. 
— — — hn, 
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And thereſore, if this be a Perpendicular Projecting downwards; then 
h K n (the Sum of this with the former) reprefents the Deſcent. 

O. If it be a Perpendicular upwards; then the difference of theſe two 
OR the Motion, which, ſo long as K Q 1s the greater, is Afcerdent ; 
but Deſcendent, when þ A becomes greater; and it is then at the higheſt 
when they be equal, 

51. If the Projection be not in the ſame Perpuinliculae, (but Horizontal 
or Oblique) then K Q repreſcats the Tangent of the Curve; and þ Q, 
the Ordinates to that Tangent, at the given Angle. 

. But the Computation before given, I take to be of better uſe than 
this ee ee in Figure. Becauſe in ſuch mathematical Enquiries, I 
chuſe to ſeparate (as much as may be) what purely concerns Proportions; 
and conſider it abſtractly from Lines or other matter where with! it is incum- 
bred. 


As to the Queſtion propoſed; Whether the reſiſtence of che Medium docs 


not always take off ſuch a proportional part of the Force, moving tliro it, 


Hxberi ments, fo 
Determine the 
Point Blank 
Diftance ; the 


as is the Specifick Gravity of the Medium to that of the Body moved in it 
(for if ſo, it will fave us the trouble of Obſervation ;) I think this can by 
no means be admitted; for there be many other things of Conſideration 
herein, beſide the intenſive Gravity (or, as ſome call it, the Specifick 
Gravity) of the Medium. 

A viſcous Medium ſhall more reliſt than one more Auid, tho of like 
intenſive Gravity. 


And a ſharp Arrow ſhall bore its way more eaſily thro' the Medium 


than a blunt-headed Bolt, tho of equal Weight and like intenſive Gra- 


vit 

And the ſame Pyramid with the Point, than with the Baſe forward. 

And many other like Varieties, intended in my P. 46. 

But this I think may be admitted, namely, that different Mediums, 
equally liquid, (and other Circumſtances alike) do in ſuch Proportion refit, 
as is their intenſive Gravity. Becauſe there is, in ſuch proportion, a hea- 
vier Object to be removed, by the ſame For ce; which is one of the things 


to which P. 31. refers. 


And again: the heavier Project once in motion, (being equally ſwift, 
and all other Circumſtances alike) moves thro* the ſame Medium in fich 
Proportion more ſtrongly, as is irs intenſive Gravity : for now the Force is 
in ſuch Proportion greater, for the Removal of the lame Reſiſtence. And this | 


is part of what my P. 3o inſinuates. 


But where there 1s a Complication of theſe l one with ano- 
ther, and with many other Circumſtances, whereof each is ſeverally to be 


conſidered; there muſt be reſpect had to all of them. 


X. 1. To know how far a Gun ſhoots Point Blank, (as they 1 it) that i is, {9 


near the Level of the Cylinder of the Piece, that the Difference is eiber not dif 
ernie er not considerable. 


1 55 . On 
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On a fit Platform, place and point the Gun at a Mark as large as the By]. Charge of Pow- 
let, ſome go, 60, or more Yards diſtant, fo as the underſide of the Mark 5. 5 ; 
may be in the fame Level or Line with the underſide of the Cylinder of the 1 
Piece. Then between the G and the Mark at convenient Diſtances, place EEK 
pieces of Canvas, Sheets of Paper paſted together, or the like, upon ftakes June Av. 1657, 
fix'd in the ground; fo as the underſide, being level with the Horizon, may | 
uſt touch the viſual Line, that paſſeth from the Eye to the upperſide of the 
Mark, when the Eye is placed in the Line that paſſeth from it to the upper- 
| fide of the Cylinder of the Gun; the Canvas being fo broad and long, that if 
the Bullet paſs thro? it 2 or 3 Foot higher than the Level of the Mark, or 
of either hand, the Hole it makes may make it known, how much it flieth 
higher then the Level of that place. It the Bullet falls lower than the Mark, 
and touch not the Canvas, the Gun may be the next time raiſed a little, and 
ſo on, till the Ballet hit the Mark, or as high as it. If it fall as high as the 
Mark and cut the Canvas, the Mark and Canvas may be brought nearer the 
Gun : But if it fall as high as the Mark and do not cut the Canvas, the 
Mark may be removed to greater and greater Diſtances, _ 
If this way of Experiment be made for further Diſtances and Raiſings of the 
Piece, as high as conveniently may be above the Level, and the Diſtances 
meaſured, and then all Kims above theſe likewiſe tried and meaſured ; 
the Diſtance of an Object, to be ſhot at, being known, and other neceſſary 
Cautions, beneath to be mentioned, carefully obſerved ; good Gunncrs may 
with great Confidence undertake to hit the Mark, be the Diſtance what it 
will, ſo it exceed not the reach of the G. 1 - 
2. To know what Nuit of Powder is the juſt Charge of any Piece, fo as 
it maketh the farthejt Shot, and Fires totally. | 
1. Raiſe the C to a mean Fandom, as of 209, or 259, and ſhoot with 
the ordinary Charge of Powder, in ſome convenient Ground where the Fall 
of tlie Bullet may be eaſily feen, and having made a Shot, meaſure the Dit- 
tances with a Chain between the Hole made by the Bullet and the AZzzle of 
the Cal. | | | | x | 
2. Then inſtead of a full CHarge of Powder uſed in the hirſt Shot, take 74 
part leis, or ſume ſuch Proportion, for the next Trial, doing all things clte 
as before. ” 55 
3. For a third, fourth, or more Trials, diminiſh ſtill the S ν of 
Potuder, by +5 at a Time, till the Shot be conſiderably ſhorter than at firſt. 
Then take 44 more than the firſt Charge, and do all things elſe as be- 
fore, and fo continue more Trials, increaſing ſtill the Qrantty of Powder 
in the ſame Proportion every new Trial, till you find the Iacreaſe of the 
Charge does not make the Piece ſhoot further: Only Over-charge not lo far 
as to cndanger the G7. 3 8 
5. Three or more Shot are to be made with every difterent Churge, and ar 
every ſeveral Trial, that the Certainty may the better appear. | 
6. The firſt Shot being meaſured and marked, the reſt may all de mea 
fared from it, or trom one another, to fave Labour, 
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7. The Guz is to be pointed, placed and ordered, every time in one and 
the ſame Place and Poſition, aiming ſtill at the fame Mark, or Pointing 
ſtill at the fame Line or Azimuth; that ſo all the Shot may fall in the ſame 
Line as near as is poſſible. 

8. The Powder (which ought to be all of the ſame Goodneſs) muſt be ex- 
actly weighed every time the Piece is Charged, leſt it having been weighed 
long before, the Weight may be altered; tho Experiment may be made 
with Cartridges and without. | | 


9. The Powder and Bullet is to be Rammed home, equally at every Shot; 
tho, the looſer the Powder lie, it fire the better. 
10. When the right Charge of a Piece is found, that makes the farthe/} 
Shot in the ordinary and plain way of Charging, M. de Sonss Contrivance of 
a Wedge may be tried, to make it ſhoot farther ; which is a piece of Board, 
{o long, as being thruſt home to the Breech of the Piece at one End, the o- 
ther may reach farther out than the Outſide of the Bullet being Rammed up 
to its place; broad about an Inch, and thin ſo far as the Yadd before the 
Bullet reaches on the outſide ; there it is to have a Shoulder, from which for- 
ward to the end, it is to be cut a-ſlope, like a VMedge, being of ſuch thick- 
neſs, as that at the Place, where the Center of the Bullet is to be, it may 
make it ſtick ſo faſt, that the Powder finding more Reſiſtence, may at 
length drive it out with the greater Violence. | 

11. Another of this Nature is a Yooden Tampion, like a piece of a Cylin- 
der, big enough to fill the hollow Cylinder of the Gun, the length ſomewhat 
more than the Diameter of it, and hollow'd towards the Bullet, ſo as to fit 
it; and either flat or (which is better) hollow likewiſe towards the Powder, 
and ſerving inſtead of Wadd. Theſe, and ſuch others, will probably ren- 

der the Effect of the Poder greater, than otherwiſe it would be: But care 
muſt be had that they do not endanger the Piece. 

12. The 9rength of the Powder muſt be examin'd by a Pewwder Trier, 
that raiſeth a Weight, ſuch an one as hath been contrived by Mr. Hoof. 

13. The fame Bullet is to be made uſe of, if it can be had, till the Figure 
of it be marred; otherwiſe another as near of the ſame Size, Shape and 
Weight, as is poſſible. | _ 

14. Obſerve the Strengih and Poſition of the Wind, and at what Azimnt! 
the Mark flands from the Cn at every time of Shooting: And take pre- 
ciſe notice what effect it hath upon the Bullet in carrying it further, in 
hindring, or turning it aſide. 5 | 

15. Note the Figure, Dimenſions, and Weight of the Gn, Carriage, and 
IVhee's ; and record cvery thing exactly in a Book, as alſo every Accident 
and Obſervation, | 3 

16. After all other Experiments are made, every Piece may be tried with 
the right Charge of Powder, laying every time more and more Weight up- 
on the Carriage; and at Jait fixing the Cu,, ſo as it may not Recoil at all, 
obſerving every Time how far the Bullet goes, and how much leſs Pore; 
than the full Charge will ſerve to ſhoot the Bullet, when the Piece is Fixt, 
as far as the whole Charge does, when it Necoils freely, 


2 he 


| 
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. The Right Charge found, the beſt Random is to be ſought, 7 trying 
all 0 by Degrees at a time. 

3. To know what Gun ſhoots fartheſt, 

1. A Gunto be prepared of Culverine-Bore (as being held the beſt for 
ſhooting far) but much longer (double che ordinary Length may do well) 
and without any Ring about the Nu 22/e, is to be placed as in the former 
Experiments, and charged with the ordinary Charge ot; a Culverine, or rather 
with that Quantity, which by the former Zxperimernts ſhall be found the beſt ; 
and being ſhot, the Fall of the Bullet is to be mark'd, and Diſtance meaſured. 

2, Then try leſs, and more Powder in her, as before. 

. Then cut off two Inches of the Myzz/e with a Saw, and place the 
pliers ſo cut off in the Carriage, or their Weigb of Lead in a convenient 
Figure, that the Necoil may ſtill be the ſame ; and try as before, doing every 
thing | in the ſame manner: And fo cut off {till for new Trials, till the Shot 
begin to fall ſhorter than before. 

4. The ſame may be done with Guns of different Bores. 


2. Mar. 18. 1651. At 200 Yards diſtance from the Plarfrm for great Experiments for 
| Trying the Force 
of Great Guns 


The ſpace between the firſt and ſecond Bult was 14 Yards; between the H Mr. Greaves... 
n. 73, p, 1099. 


whereof 13 was of Beams of Maſley Oak faſtened into the Ground, and ſer 


Ordnance at Woolwich, there were raiſed three Butts, one behind another: 
ſecond and the third, eight. The Thickneſs of each Bu. was 19 Inches, 


fo cloſe that they touched each other: On each ſide were Planks of Oak, 


Inches a-peice in Thickneſs, and theſe were joined cloſe, and faſtened on both 


Sides with Iron bolts, and ſtrong Pins of Wood ; and on the Back, at the 
Ends, and on the Middle there were 3 Braces of Elm, a Foot in Breadth, 
and 5; Inches in Thickneſs. 


The firſt Experiment was with an Iron Demy-C, annon, having a C ds Bore 
of 3500 lib. Weight, the Bullet 32 lib. of lron, the Powder 10 lib. which 


pierced thro' the two firſt Bulls, and ſtuck in the third, ſo as the Ball 

was almoſt quite within, but the Timber not ſhivered (ſmall) nor ſcarce 
ſplit. The Butts being touched by me, felt not warm; the like Execution 
was done when it was charged with 9 lib. as allo when with 8 ib. of 
Powaer. 


The ſecond Experiment was with an Iron Demy-Cannon, having a Taper 


Bore, and being 3600 lib. in Weight, and 4 Inches longer than the former ; the 
Iron Bullet 32 lib. and the Powder 7 lib. which in three Trials ſeemed to 
have the ſame Force with the firſt. One of the $ho7s piercing thro? the ſe- 


cond Butt, and lighting near the Edge of the middle * Bult of Elm, tore gag. 


it, but by the yielditg of it, the Bullet glanced aſide off the third Bult, and 


entered into the Earth. 

The third Experiment was with a whole Culverine in Braſs, of 5300 lib. 
in Weight, 11 Foot 1 Inch in Length, with a Taper Bore : the Iron Bullet was 
18 lib. in Weight; the Powder in the firſt Trial 10 lib. in the ſecond 9 lib. 
in the third 8 /ib. which laſt Proportion did the beſt Execution, and paſſed 
thro the two firſt Bulls, entering gently into the Third, which the former 


two did touch, but not enter, 2 The 
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Ine Fourth Experimnt was with a whole Culverin in BraG, made at 
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Amjlerdam for the French, with this Mark, 3580, being 10 Foot long, and 
not very thick in the Breech; the firſt Shot with 9 Lib. of Powder, 18 lib. of 
Bullet-Iron, paſt thro? the three Butts, and entered one Foot into the Ground; 
it paſſed by the Joints of the Timber, two Planks having been beat down 


before. The ſecond Snot with 8 J. Powder, paſſed thro two Butts and 
_ grazed between them. The third with 8 lib. paſt two Bulls, and 7 Inches 


into the third; but the firſt But was much battered before, where it entered. 
The fourth Shot paſſed, with 8 lib. of Powder, two Bulls, and in both 
Bulis thro the midſt of a Maſſey ſtrong Beam (below) that had not been 
battered. 5 | 
The Fifth Experiment was with an Iren Demy-Culverine, having 9 lib 
Bullet in Iron, and 4 lib. Powder ; this paſt one Buit (which was torn be- 
fore) and entered the ſecond, 1 | 
This Z Culverine was hot 8 Times, as faſt as they could charge it with 
Powder, and the Iron-Bullet, and yet was but ſcarce lukewarm at the Breech. 
a little more in the midſt, moſt at the Mug le, and this laſt ſcarce ſo hot as 
my Hand; and yet the Gunners in charging her, wet not at all the Scoop, or 
Sypunge. | Fs 
The Sixth Experiment was with a Braſs Demy-Culveri ne, the Breech of 
her was 13 Inches 4, the Mouth 9 4. The firſt Sho7, with 4 lib. of Powdey.. 
9 ti). Iron-Bullet, paſt two Buits: The Second Shot with 3 lib. of Powder, 
paſt almoſt two Balis: This proved to be the beſt Shot, becauſe the Tim- 


bers were the ſtrongeſt. 


Spoot: "g by the 


Rarefact ion of 


he Air 57 
Dr. Papin- 
n. 179. P. 21. 


Fig. 178. 
Jana 1686. 


XI. Whereas ordinary Wind Guns do their Effect by the Compreſſion of te 
Air : Ottho Ghericte hath found a New fort that ſhoots by Karefaction ; and 
he hath publiſhed that Device at large in his Book about Pyzumatick Experi. 
ments. I have contrived another which I take to be better. po 
AA isa Pipe, very Equal from one end to the other. 
BB a ſmall Pipe ſolder'd in a Hole near the End of the Pipe A A, and ap- 


ply'd to the Plate of the Preumatick Engine. 


CCCC ſome kind of Stool, to bear up the hinder part of the Pip: 
AL | N | 4 
D a Piece of Lead fitted to the Bore of the Pipe A A. . 

The Pipe A A is to be ſhut at both Ends by Valves outwardly applied. 
and ſo the ſaid Pipe A A, tho never fo big, may be exhauſted of Ain by 
means of the Pneumatick Engine : Which done, the Valve towards D muſt 
be ſuddenly opened, ſo that the whole Preſſure of the Atmoſphere acting 


upon the Lead D, may drive it along the Pipe A A, with ſuch a Swiftneſs, 


that it will be able to carry it to a great Diſtance: and becauſe ſuch a 


Valve ſhutting a great Hole, would prove very difficult to be opened, when the 


Pipe A A, is of a great Bore, the Aperture towards D, may be left much 


ſmaller than the Pipe; the Swiftneſs of the Air being ſo great, that even thro 


a pretty ſmall Aperture, it preſſed the Lead D, as freely almoſt, as if the 
whole Bore was quite open. : 


___ Having 


6497 
Havin ghar a Barrel carrying a Lead of two Ounces, the Experiment 
was ſhewn before the Royal Society, and the Effect was found very conſide- 
rable, the Force being little leſs than that of the /ind-Gun by Compreſſion , 
the ſame Experiment being afterwards repeated with a longer Barrel, *twas 
found that the length in this way of Sh99ting was very little, if any Advan- 
tage. | 


XII. My way of computing the Velocity of the Air (which I think is bet- 7% Lig 
mT. | | 3 | ; 5 ö = ”” ; 0 Wherew! th the 
ter than the Trial mad: by the Royal Academy at Paris) is grounded upon this 4 nahes tots 
hyaroſtatical Principle, That Liquors have a Strength to ajcend as high as their % **baufted 
x | , Receiver; 
Source is; and altho the Reſiſtance of the Medium does always hinder Fets by Dr. Papin. 
@ Eau in the open Air from reaching quite ſo high, nevertheleſs the Liquor 184. P. 193: 


2 4 . $ . Oct. Au. 1686. 
at its firſt ſpouting out, hath the neceſſary /wiſtne/s to come to that hege. 


Prop. I.] From this Principle may be eaſily deduced this Propoſition, 
That, of two different Liquors driven by the ſame Preſſure, that which is in 
Specie lighter muſt aſcend higher than that which is heavier, and their heights will 
'be reciprocally in the ſame Reaſon as their ſpeciſick Gravilies are. 
Prop. II.] From the foregoing Propo/ition another may eaſily be deduced, 
viz, That, of differing Liquors bearing the ſame Preſſure, thoſe that are lighter 
in Specie muſt acquire a greater Swiftneſs, and their differing Velocities are lo one 
another * as the Roots of the ſpecafick Gravities of the ſaid Liquors. » Reciprocally, 
For we have ſeen, P. I. That the Heights to be attained are “ in the Reihe. 
ſame Reaſon as the ſpecifick Gravities : Now Gallilzus, Hugenins, and others, 
have demonſtrated, That the Yelocities of Bodies are to one another, as the 
ſquare Roots of the Heights to which they may aſcend : And ſo in this occa- 
ſion they are alſo * as the Roots of the /pecifick Gravities, = 3 
If therefore we would know what is the Velocity of the Air being driven 
by any degree of Preſſure whatſoever, we ought but to find what would be 
the Velocity of Water under the fame Preſſure : And then take the /qvare Roots 
of the ſpecific Gravities of theſe two Liquors; becauſe as much as the 
ſquare Root of the /pecifick Gravity of Water doth exceed the ſquare Root of 
the /pecifick Gravity of the Air; ſo much in proportion will the Velocity of 
Air exceed the Velocity of Maler. For Example; when] would compute 
what ſhould be the Si,) of a Bullet ſhot by my Prenmatick Envine, I 
ſhould at firſt compute what was the Felocity of the Air itſelf that drove the 
Bullet: I did therefore take notice, That in this Occaſion the Air bears a 
Preſſure much about the ſame as that of Halen when its & ring is 22 Foot 
high. Now ſuch Maler would ſpout out with a ſufficient Velocity toatcend 22 
Foot Perpendicular, and therefore according to the Rules and Obſervations of 
Galilzns, Hugenius, and others, ſuch Water hath the Velocity of 45 Foot in a 
Second. It remains therefore but to know the Proportion of the Gravity of 
the Air to that of Water - And we have found it not to be always the ſume; 
becauſe the Height, the Heat, and the Moiſture, of the Ae here, are va- + 
riable : Nevertheleſs, we may ſay in general, That the Reaſon between the 
/pecifick Gravities of Water and Air is much about $40 to 1. Taking then 
IT a1]. | 2 & ED their 
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their Square Rocts as I have faid above, which Roots are 29 and 1, we may 
conclude that the Velocity of Air mult exceed that of Maler, by 29 Times: 
And fo multiplying 43, the Velocity of Water, by 29, we ſhall find, that the 


Velocity of Air driven by the whole Preſſure of the Atmoſphere, is about 
1305 Foot in a Second, 


b lf XIII. In the Brafi-Works at- W the Waters blow the Fire, not by 
Water; by moving the Bellows, but Dy affording the Vind. Thus: A, is the River. 
ng Fr 8 e , The Vall of it. 2 the Tube into which it falls. LG, a Pife. G, the Ori- 

Fig. 199. ſice of the Pipe, or Noſe of the Bellows. G K, the Hearth, E, a Hole in the 
Pipe. F, a Stopper to that Hole. D, a place under ground, by which the 
Water runs away. Stopping the Hole E, there is a perpetual ſtrong Wind, 
iſſuing forth at G; and G being ſtopt, the Wind comes out ſo vehemently 
-at Es, that it will, I believe, make a Ball Play, like that at Freſcati, 


The belt Form ef XIV. Whatever Men may imagine concerning Horizontal Sails, I doubt 


. orixontal * 


{ra Mill ; by chere never will be found a better, and more advantageous way, for receiv- | 


Dr. Kb. took ing the Strength of the Wind, or Motion of the Air, than Perpendicular Vanes 
- 0 


1-3. „ er. made of a true Form, fo as every part thereof may draw alike. But be- 


Dec. Ani. 1681. cauſe I find divers have of late attempted Horizontal Janes for Mills, T ſhall 


explain a way of making Horizontal Vanes capable of performing the moſt 
that is e with Lanes of equal Exter/ton. 

The Invention is founded upon the ſame Principle with that of the Sailin 
of Ships, and other Veſſels upon the Sea; namely, upon diſpoſing and or- 
dering of the Vane or Sail fo, as !o ſtand in the beſt Poſture lis pcſſible to move 
the Arms of the Mill, or the Body of the Ship, in that way it is lo be moved, 
by the Force of the Wind blowing thus or thus againſt them. 

The Firſt Principle then common to both, is, that the Vane or Sail be as 
near as 'tis poſſible, a perfect plane and ſmooth Superficies, without any Belly- 
ing, Bunting, or Curvity in the Superficies thereof, upon which the Mo- 
tion or Force of the Wind is impreſſed. 

Secondly, That the Air may have as many Paſſages between the parts of 
the Vane or Sail, as may be, that the moved Air may come to it as freely as 
may be, without being intercepted by a ſtagnaut Air before it, to impede 

or divert its Force. 
| Thirdly, That the Plane of the Vane or Sail be put in he middle Inclination, 


between . way of the Wind and the way of the Arm, or that of the Body 
of the Ship. | 


The Contrivance itſelf is This, 

Fig.i8o. Let AB ſignify the Stream or Current of the Air or Wind, moving from 
A to B, and let C repreſent the Center of the Axis or Srindle, ſtanding 
perpendicular to the Horizon, upon which, at the Top, is fixed at right 
Angles, the piece DH, making the two Arms C D, and CH, upon the 
Ends of which the Vanes M N, are moved on Syindles ſo as that the Plane 
of the Vane doth always pals thro? the Point D: I fay, theſe Vare fo or- 
dered, ſhall be always placed in the moſt advantageous Poſture for moving 


5 the 
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the Arms round upon the ſaid Spindle, whoſe Center is C, in the Order of 
DEF GHIRL D. 

Firſt, For the Vanes placed at D and H, I 32 They are ſet in the moſt 
advantageous Pofture poſlible, in thoſe two Points: For 4, the Vane MIN 
at D being to move directly againſt the Wind, the moſt advaniyious Poſture 
is to turn its edge directly againſt the Mind, and thereby to 210 e the leaſt 
Rejiſtance poſſible, that N the only Point in which the Jane, fuppoled « ;nly 
a Superficies, draws not. And Seco: dy, For the Tune MN placed at H, ic 
ſtandeth the moſt advantageer/ly, hecaule its Motion being directly from or 
before the ind, it ftandetii full CY, or oppoſ; dro the Motion thereof. 

Secondly, The Yanes at E, F, G, and I, K, L, ſtand the molt - ava; aa. 674015 8 
becauſe they divide the Angle, between the way of the Vind, and that of 


the Arms in thoſe Points into two equal Parts, anc conſcquenthy the Wind 
impreſſeth the greateſt Force in the moſt dir. &t W. ay: For it is eaſy to be 


demonſtrated, That the Force impreſſed on the / 94 by the Wind, is per- 
pendicular to the Surface, and conſequently that the obliquity of the Force 
to the way of the Arms, increaſed by the / ane, ſtanding more full againſt 
the Mind, will have a leſs Proportion of Power to promote the Motion 


thereof, than in the Poſture here ſet. And ſuppoſing the /4:z5 ſet ſnarper 


to the Vind, the Diminution of the Force impreſicd by the Mind on its 
Surface, will be greater than the Augmentation of its Power, by being mo- 


ved more directly to the way of the Arms, This is eaſy enough to be geo- 


metrically demonſtrated. 

The Yane may be ſo ordered, as always to ſtand in this Poſture by a great 
many ways: I ſhall only inſtance in one, not the belt for Praclice, but the 
molt eaſy to be underſtood and d2c!; ated.” 

Let the Vane be equally expanded on each fide of its Axis, by which the 
Preſſure on the Extremes of it are always counterpolied ; then faſten upon 


the lower end thereof a Wheel, which may be in a Diameter about + of the 


length of the Arms from Hole: to Hole; then fix a Whecl upon the Frame 
in which the $/:7d/e of the Arms do move, that ſhall be of half the Diame- 
ter with the former, and to contain halt the number of Teeth. Then by 
a third ſmall Wheel, fixed under the Arms, of a convenient bigneſs, 
communicate the Motion of the one to the other; for by this means each 


Vane being fo provided, they will, being once ſet right, always continue 


to be moved and diſpoſed in the true Poſture deſired. 

This Contrivance will not only be uſcful for all manner of common Mind 
Mill:, but alſo for Water-Mzils in Rivers, where there can no Dam be made; 
as may allo the perpendicular Vanes 1 Mills, neither of which has been 
ſo 1 auch as hinted, by any Perſon whatſoever, that I have hitherto heard of. 


Fro, 18 1. 


XV. 1. The Art of Hying hath been in all Ages a/tempted by many, particu- 4, Account of 


larly in the Times of our famous Friar Age Bacon, ho lived about 500 years 50 ** 


ſince. He was believed a Magician or Conjurer, and to have performed what d. coll. n. 12 


was related of him, by the help of diabolical Magick ; but from the peruſal” + 


of ſeveral of his excellent Wirxs yet "$7 I efteem him no uch Perſon, 
11 2 ] 


50 
T rather find him to have been a good Mat bemalician, a knowing Mechanic, 
a rare Chemiſt, and a moſt accompliſhed experimental Philoſo her, which was 
a Miracle for that dark Age. This Man affirms the Art of Flying poſſible, 
and that he himſelf knew how to make an Exgine, in which a Man fitting, 
might be able to carry himſelf thro' the Air like a Bird: And affirms, 
that there was then another Perſon who had actually tried it with good 
Succeſs, We have not wanted later Inſtances in Eng/and, of ſeveral inge- 
nious Men, who have employed their Wits and Time about this Den. 
| Particularly, I have been credibly informed, that one Mr. Gaſcoimne did 
i | about 40 Years ſince try it with good Effect; tho he ſince dying, the 
1 f | Thing alſo died with him. And even now, there are not wanting ſome in 
England, who affirm themſelves able to do it, and that they have proved 
as much by Experiment. We have little or no account of the ways they 
have taken to effect their Deſigns; but we may conclude them defective 
in ſomewhat or other, ſince we do not find them brought into common 
It 1 155 1 The Sieur Beſnier, a Smith of Sable in the County of Maine, hath in— 
i ner. vented an Engine for Flying. It conſiſts of two Poles or Rods, which have 
a | 3 .at each end of them an oblong CHaſſi- of Taffety; which Chaſe folds from 
1 ba. above downwards, as the frame of a folding Window Chalſie. He fits theſe 
* Poles upon his Shoulders, fo that two of the Chaſſies may be before, him, and 
} the other two behind him. The order of moving them is thus: When the 
right Hand ſtrikes down the right Wing before, A, the left Leg by means of 
the String E, pulls downwards the /eft Ming behind, B; then immediately 
after, the /eft Hand moves or ſtrikes downwards the 4% Wing before, C; 
and at the ſame time the right Foot, by the String F, moves or pulls down 
the right Wing behind, D; and fo fucceſſively, or alternately, the diago- 
nally oppoſite Wings always moving downwards, or ſtriking the Air toge- 
ther. | td 

A Flying cha- 3. 1. P. Franciſco Lana in his Prodromo, finding by an Experiment, That 
Fo. 4 the Weight of the Air is 44 part of the Meigbi of a like quantity of Mater, 
Lid. p. 18. he concludes certainly, That if we could make a Veſtl of Glaſs or other 
Matter that might weigh leſs than the Air that is in it, and ſhould draw 
out all its Air, this Veſſel would be /ighter in Specte than Air itſelf, and 
therefore would ſwim in it and aſcend on high. This he /#ppoſes may be 
done, by making a round Veſſel of thin Plate Braſs (weighing 3 Ounces 
in a /quare Foot) of the Diameter of 14 Foot. For the Surface of the Veſſel 
will be 616 /quare Feet, and the Braſs will weigh no more than 1848 Ounces ; 
whereas the Content will be 1437 + Cub. Feet, and that Quantity of Air will 
weigh 2155 4 Ounces: So that that Air being evacuated, the Veſſel will 
be 3074 Ounces lighter than Air, and therefore will not only aſcend into 
the Air, but alſo carry up with ita weight of 3075 Ounces. And thus by 
encreaſing the Bulk of the Veſſel, without encreaſing the Thickneſs of che 
Plates of Braſs, he ſuppoſes a kind of Ship may. be made, to ſwim. in the 

Air, and to carry two. or three Men in it. | 


2. The 
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2. The fallacy of the Altos Reaſoning lies in this; he ſuppoſes Copper of 4 oy In iatli- 
2 Ounces in a Foot Square to be of ſufficient Thickneſs to reſiſt the ! fibre Dy. 
of the Air in a Globe of 14 Foot Diameter, nay of any Dimen/ion. But in this 144. f. 27 


we can no Wile aſſent to him: For the preſſure from without inwards, tho 
it be always the ſame upon equal Surtaces, yet upon uncqual Surfaces the 
Caſe is quite otherways, for there the Preſſure will be found not the ſame, 
but to encreaſe always in the ſame Proportion with the Surface, and thence 
conſequently the Thickneſs of his Copper,. or any Metal or Material, which he 
ſhall make uſe of, mult increaſe in the ſame Proportion, with the Diameter 
of the Sphere, and conſequently the Weight of his Copper mult always creaſe 


in the ſame This pooh at leaſt to the Solidity of his Sphere ; fo that by his 


augmenting the Qantity of his Sphere, he has no manner of Advantage of 
making it proportionably e, than the Air, and proportionably 1 0, 
but the contrary: For it is manifeſt, That a bigger SY here ſo made of any 


Matter we yet know, has lets Power of reſiſting the Lane Preſſure of the 


Air than a less, becauſe of finite Reſiſtance of Matter to Preſſure, there 
being ſome degree of Preſſure that will criſb every Oy 


XVI. This Raine i is compoſed of four principal Paris; 5 he Serpent A A, An Engine ta 


| " wks Linnen 


two Foot-Steps or Treddles BB, one Clapper C, and two Arms DD, DD. 


The Serpent or Iron Bar A A, has two Elbows, E E, whereto the Ends of M. de de 


J]. 1 Þ+ oer. 
fourths of a Circle, that ſucceſſively reſt upon two Arches or Bows of July An 1678. 


the Ropes are fix'd that raiſe and put down the Tool ſteps BB; F F are two 


Iron, GG, which are above the Clapper C, to raiſe it. H H are two Teeth 
of Iron, added to the Serpent, making an Angle of 25 Deg. with FF, and 
KK; which ſerve to put down a Baſcule, or Sweep, which is in the Arm 
that carries the SH . The Foot-ſteps or Treddles differ in nothing from 
thoſe that are uſually made uſe of, only the Cords that hold them pendent 
from the Ground are fix*d in the Elbows of the Serpent, which in turning 


raiſes and puts them down by the help of two little Pullies, upon which 


the Ropes turn. 


The Clapper is ſupported between two Pillars, wich a Rope double twilt-- 


ed, which occaſions it to make a kind of Spring, and cauſes it naturally to 
give forwards to beat the Cloth. 

L M, is one of the Arms which paſſes freely into the Canal or Pipe NN, 
ſupported by four Pillars of Wood OOO O. The Motion of it proceeds 
from the following Parts. PQ, is a Haſcule, which, tho unequally divided 


by its Supporter R, is yet in Aquilibrio, the end PR being made to weigh : 


exactly as much as R 
At the Extremity of this Baſcule is ty'd a Cord which paſſes thro? the 
Pully 8, and terminates at the Extremity of the Arm, where it is faſtened, 


to a little Bow M. At the other Extremity of the fame A. m, that is to ſay, 


towards L, is alſo faſtened underneath, a Cord, which paſſes thro' the 
Pulley T, and which carries the Weight V. 

At the ſame end of the Arm is added a little Niche Z, about the bigneſs of 
half the Shuttle: Then over a little Bar X Y, which paſſes a-thwart the Arm, 


there 
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there are two other little pieces of Wood, having at the end of them two 
Teeth, which enter into the Niche Z, thro' two Holes which are there, 
of the one ſide and t'other. 

To the Ends of theſe little pieces of Wood, there is a little Bowof Whale. 
bone or Steel, which keeps the two Ends aſunder, and forces the Teeth, 
which are at the other end, to enter into the Niche, before the ſaid pieces 
can themſelves. At the Points 11, are two Ropes that paſs thro' the 
Pullies 2 2, faſtened to the Pillars, o 3 0 4, and have each of them a little 
weight at the end bi ig enough to keep it from paſſing thro! a lictle Bowl 
which is under each Pulley. | 


'This Arm thus diſpoſed, goes: and comes in the Hole N N, in the follow. 


ing manner. One Tooth of the Serpert, already deſcribed, ſtrikes upon the 


Extremity of the Baſcule PQ, and ſo cauſes the End Q to riſe up, which 
drawing the Cord faſtened to the Point Q makes the Arm LM, to advance 
forward. But when afterwards the Tooth of the Serpent is come forth a- 

gain, then the Weight V, tied to the other End of the fame Arm, by a 
Cord that paſſes thro the Pulley T, forces the ſaid Arm by its own Weight 
to return again. 

When the Arm L M is in its ordioaty place, the two little pieces of Wood 
into which enters the Bar XY, encloſe the She by means of the Whale- 
bone-Spring. But when the ſaid Arm approaches the other oppoſite Arm, 
then the Cords tied to the Points 1 1, being a little too ſhort, and the 
Weight which is at the end of them not being able to paſs thro), che 5 pring 
gives Way a little, and ſo the Shuttle is no longer encloſed by the Arm which 


carries it, but is wholly received and graſp*d by the other; which likewiſe 
in its turn, delivers it back again in the fame manner. 


The Motion of the whole Machine 1s made at the rate as you move the 
Handle of the Serpent, for then the Arms cauſe the Threads to open, and 
immediately one of the Arms begins to flide in towards the oppoſite Arm, 
to which it carries the Shuttle, and retires immediately: At the ſame time, 
one of the Quarters of a Circle, which held the Clapper elevated, forſakes 
it, and leaves it for to flap, and then che oppoſite Quarter of a Circle ele- 
vating itſelf, the other Elbow changes the Threads, and the other Arm 
retires ; and ſo ſucceſſively. 

The Advantages of this Engine are theſe. 1. One Mill will ſet 10 or 12 
of theſe Looms at Work. 2. You may make the Cloth of what Breadth you 
pleaſe. 3. There will be fewer Knots in the Cloth, ſince the Threads wil] 
not break ſo faſt as in other Lo9ms, becauſe the & buttle that breaks the great- 

eſt Part, can never touch them. In ſhort, The Work will be carried on 
Picker, and at leſs Charge, in regard that inſtead of ſeveral Work-Folks 

which are required in making very large Cloths, One Boy will ſerve to tie 


the Threads at the ſeveral Looms as faſt as they break, and to order the 
Quills about the Shuttle. 


XVII. I 
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XVII. I order'd a Model of a rart of a Wat gon to be made conſiſting of Arastages of 


four Wheels, two Axes, and a Board nailed upon the Axes. The Leſſer Wheels High heels ex. 


| n : | erimented ; b 
were 4+ Inches high, and the Bigger Wheels 54 Inches high, viz. & of the; Member of 4 


ordinary Height of the heels of a Waggon : The Weight of the Mode! was du. Oxtord So- 
almoſt 14 lib. I had alſo two other heels made 52 Inches high to be put ». . p; bye. 
on inſtead of the Leſſer. The Middle of the two Axes were 64 Inches I. An. 1685. 
aſunder. All the Feels turned very eaſily upon the Axes, | 
A piece of Lead 504 lib. Averdupoiſe, was laid upon the Model, fo forward, 
that the Leſſer Wheels ſeemed to bear above + parts of the JYeight. Then 
the Model was drawn with a String laid over a Pulley, the Top whereof 
was f of an Inch higher than the Top of the Hinder Axis, and the Middle 
of this Pully was 72 Inches from the Middle of the Fore Axis, 
The Lelſer Wheels being put on, and the String being tied to the Top of 
their Axis, 1 5 
I. Three Pound drew the Model on the ſmooth Level Table. 
2. Twenty Pound drew the Leſſer Wheels over a Squared Rod 5 of an 
Inch thick | 
3. Thirty Pound drew hem over a round Rod a little more than = an 
Inch thick. 5 8 
4. Thirty One Pound drew them over a Square Rod half an Inch thick. 
5. Twelve Pound drew the Hinder Wheels over the bigger Square Rod. 
The String being laid under the Axis, viz. I of an Inch lower than before. 
6. Twenty nine Pound drew the Leſſer Wheelsoverthe Bigger Square Rod. 
Then the two Bigger Wheels be ing put on inſtead of the Leſer, and the 
String lying over the Axis, 9 1 
7. Three Pound drew the Md?! on the Table. | 
8. Twenty five Pound drew the Fore Wheels over the Round Rod. 
9. Twenty five Pound drew them over the Bigger Square Rod. 
10. The String lying under the Axis, 16 Pound drew them over the 
leaſt Rod. TT | 
11. Twenty tbree Pound drew them over the round Rod. 
12, Twenty three Pound drew them over the Bigger Square Rod. 
13. Thirteen Pound drew the Hinder Wheels over the Bigger Square Red. 
In all theſe Experiments, the Lead was laid exactly upon the ſame part of 
the Board, but yet when the Leſſer Wheels were taken off, the Lead did not 
lean ſo much forward, ſo that the Hinder Wheels were ſomewhat more pre!- 
ſed than they were before. | 
By comparing the ſecond, third, and fourth Experiments, with the tenth, 
eleventh, and twelfth, it appears how much more eaſily a Waggon, Sc. 
might be drawn in rough Ways, if the Fore Wheels were as high as the 
Hinder IWheels, and if the Thills were fix'd under the Axis. Such a Wag- 
gon as this, would likewiſe be drawn more eaſily, where the J/b-/s5 cut in 
Clay, or Sand, or any Soft Ground. And moreover, High I/heels would 
not cut ſo deep as Low Mels. 
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T.,w Wheels indeed are better for Turning in a narrow Compaſs than high 


Ones: But it ſeems probable that Waggons with four [7:gh Wheels, might be 


fo contrived, that there ſhould be no great Inconvenience in that reſpect; 


at leaſt, ſuch Waggons as ſeldom have occaſion to turn ſhort, as Carrier; 


Was gons, and ſuch like. 
The Difference which you may obſerve in the eighth and elevnth Expe- 
riments, is agreeable to what is faid by S. Stevinus, and Dr. Wallis, viz. 


"Thar if a Coach, Sc. muſt be drawn over rough, uneven Places, it is 


beſt to fix the Traces to the Coach lower than the Height of the Horſes 


Shoulders. 

14. A Table 24 Foot long, was ſet with one End 84 Inches higher than 
the other End, and the Model being loaded as before, leſs Weight by 6 
Ounces drew it up the Table, when the four Bigger Wheels were on, than 
when two Bigger and two Leſs were on. Becauſe, in the firſt Caſe there was 


almoſt the ſame Direction of the Motion of the Model and of the String that 


A new fort uf 
Caleſh deſcribed 
by Sir R. B. 
N. 172. P. 1028. 
june. An. 168 5. 


drew it; but not in the ſecond Caſe, when the Fore Axis was fo much lower 
than the Top of the Pulley. 


XVIII. This Caleſb goes on two Wheels; carries one Perſon, is light 
enough; tho it hangs not on Braces, yet it is eaſier than the common 
Coach: A common Coach will overturn, if one Wheel go on a Superfi- 
cies a Foot and a half higher than that of the other, but this will admit of 
the Difference of 3+ Foot in Height of the Superficies, without danger of 
Over-turning : We choſe all the irregular Banks, and ſides of Ditches to 


run over; and I have this Day ſeen it at five ſeveral Times turn over and 


over, and the Horſe not at all diſordered. If the Horſe ſhould be in the leaſt 
unruly, with the help of one Pin, you diſingage him from the Caleſb with- 
out any Inconvenience. I myſelf have been once overturned, and knew it 


not till I looked up, and ſaw the Wheel flat over my Head; and if a Man 


The Contrivance 
of a Þ ypetnal 
Motion; by M. 
explained; by 
Pr. Papin, 

n. 177. p. 12.40. 

Fig. 184. 

Dee. An. 1685, 


went with his Eyes ſhut, he ſhould imagine himſelf in the moſt ſmooth way, 


tho at the ſame time there be three Foot Difference in the Height of the 
Ground of each Wheel. | 


XIX. Let D E F, be a pair of Bellows 40 Inches long, that may be open- 
ed by removing the Part F, from E: Let them be exactly ſhut every where, 
but at the Aperture E; and let a Pipe EG, 20 or 22 Inches long, be ſodered 
to the ſaid Aperture E, having its other end in a Veſſel G, full of Mercu- 
ry, and placed near the Middle of the Bellows. 

A, is an Axis for the Bellows to turn upon. 


B, a Counterpoiſe faſtened to the lower end of the Bellows, 

C, a Weight with a Claſp to keep the Bellots upright. 2 

Now if we ſuppoſe the Bellows opened only to , or 4, ſtanding upright, 
and full of Mercur); it is plain that the ſaid Mercury being 40 Inches high, 


_ mult tall, as in the Torricellian Experiment, to the Height of about 27 Inches, 


and conſequently the B-{/zzv5 muit open before F, and leave a Vacuity there. 
This Yacuity mult be filled with Mercury aſcending from G thro' the 


Pipe 


(305) 

Pipe GE, the ſaid Pipe being but 22 Inches long: By this means the Bel- 

lots muſt be opened more and more till the Mercury continuing to aſcend, 

makes the upper part of the Bellows ſo heavy, that the lower part muſt get 

looſe from the Claſp C, and the Bellows ſhould turn quite upſide down ; but 

the Veſſel G, being ſet in a convenient place, keeps them Horizontal, and 

the part F, engageth there in another Claſp C; then the Mercury by Fig. 18; 
its Weight runs out from the Bellotos into the Veſſel C, thro? the Pipe EG, : 
and the Bellows mult ſhut cloſer and cloſer until the part E F comes to be 

ſo lighr, that the Counterpoiſe B is able to make the part F, get looſe from 

the Claſp C; then the Bellows comes to be upright again as before; the 
Mercury left in them falls again to the height of 27 Inches, and conſe- 
quently all the other Effects will follow, as we have already ſeen, and the 


Motion will continue for ever. | 
Upon this, it is to be obſerv'd, That the Bellows can never be opened by 454 ben in. 


dhe internal Preſſure, unleſs the ſaid Preſſure be ſtronger than the external. {Pint bin. 


241 


Now in the Caſe before us, it is plain, That altho the lowermoſt part of v. 18+. p. 13. 
the Bellows be preſſed outward by 40 Inches of Mercury, yet the upper 
part having no Mercury above it, bears none at all; the parts that lie in the 
middle near the Axis of the Bellows bear but 20 Inches, and fo all the reſt 
muſt bear more or leſs, according as they lie higher or lower : It is evident 
therefore, That there are as many parts that bear leſs than 20 Inches, as 
there are that bear more, and the Increaſe of Preſſure following an Arithme- 
tical Progreſſion, it is undeniable, that all theſe Preſſures added together, will 
do more than one uniform Preſſure, that would be equal to 20 Inches every 
where. It is alſo plain, that the Weight of the Atmoſphere, cannot come at 
the inward part of the Bellotos, but thro the Pipe GE, which containing 
22 Perpendicular Inches of Mercury, doth counterpoiſe ſo much of the 
Weight of the Atmoſphere ; ſo that this being ſuppoſed to be 27 Inches of 
Mercury, it cannot preſs the inward part of the Bellows, but with a Weight 
equivalent to 5 Perpendicular Inches of Mercury. So that we find, the In- 
ward Preſſure both of the Mercury and the Atmoſphere, is equivalent but to 
25 Inches of Mercury in all: whereas the Preſſure of the Atmoſphere upon 
the Outſide is every where equal to 27 Inches; from whence it appears, 
That the Preſſure without is ſtronger than the Preſſure within. From 
"this we may conclude, that the Bellows ſtanding upright will rather ſhut 
than open. e | 4 - 
I ſhall ſay nothing to the Alterations this Author may make in his Engine, 1. 186. f. 26>; 

reſolving to leave it to others to ſhew him, that upon that Principle all he 
can do ſignifies nothing. And I doubt not, but if he pleaſes to conſult 
M. Perault, De la Hire, or any other at Paris, he will find them of the ſame 
Opinion with Mr. Boyle, and Mr. {ook, and others here. 


XX. This reflecting Trumpet conſiſts of two Parts. The utmoſt B, is T7 Spraking 

a large Concave Pyramid, about a Tard long, (or may be of any manage- paz Fr? 
able Length) open at the Baſe B, and cloſed not with a Flat, but a conyers. 
| Concave Head, at the Cone B. Within this is faſtened a bended Tube A 4. 2 1 
Nor- l | . This : 


Fig-186. This Trumpet did at a Meeting of the Royal Society at Arundel Houſe, diſtinctly 
deliver ſome Words, crols the Garden and the River Thames, and that a- 
gainſt the Wind which was then ftrong ; and the Words were written down: 
by one, that was ſent over for that purpoſe : Whereby it appeared, That a 

 refleting Trumpet, after this, or ſome other like manner, of Wood, Tin, 
Pewter, Stone, or Earth, or, which may be beſt, of Bell-Metal, will car- 
| ry the Voice as far, if not farther, than the long one invented by Sir Same! 

Fig.187. Moreland, Beſides that, it ſeems to take off from the aſtoniſhing Noiſe 

near at hand, which happens in uſe of the ſaid long Trumpet: By Sir Sa. 

Moreland's Trumpet angularly arched in the Middle, the delivery of Sound 

to any diſtant Place was much ſhortened ; and by another with three large 


angular Arches, reaching almoſt from one End to the other, the Sound was 
almoſt wholly obſtructed, | | 


Fig. 188. 


| Ne Suiſſe of XXI. I provided a Pendulum, of ſmall virginal Wire, with a Piſtol Bullet 


Hdunds and 


bein Keflaekion At the end of it, which had two Vibrations in one Second of Time. I took 
or Ecchves ; by this Pendulum, and ſtanding over-againſt a high Wall, I clapt two pieces 
33 of {mall Boards together, and obſerved how long it was ere the Eccho return- 
Dec, An. 1698. ed; and I removed my Station till I found the place whither the Eccho re- 
turned in about half a Second. But that I might diſtinguiſh the Time more 
nicely, I clapt every Second of Time, 10 or 15 times together; ſo that by 
this means, I could the better diſcover whether the diſtances betwixt the 
Claps and the Ecchoes, and the following Claps, were equal. And tho it 
be very difficult to be exact, yet I could come within ſome few Yards of 
the place I fought for, thus: I obſerved the two Places, where I could but 
Juſt diſcover that I was too near, and where I was too far off; and from the 
midway betwixt them I meaſured to the Wall, which Meaſure doubled, was 

the Space that the Sound moved in half a Second. 


Here follow the Number of Exgliſh Feet which a Sound moved in one Se- 
cond of Time at ſeveral Trials. £ 


] Trials. | Feet. | Trials. | Feet. Trials. | beet. | 
1 1256 3 1292 | 9 1278 

I. 1507 | - 6 $373 10 20" 1290 
3 1326 +” | $292 111 1200 

3 1150 | 8 1185 5 8 


Merſennus mentions an Experiment where in he found the Motion of the Scud 
to be 1474 Feel in a Second. The Academy del Cimento cauſed 6 Harquebuſ- 
ſes, and 6 Chambers to be fired one after another at the Diſtance of 5739 
Engl; Feet, and from the Flaſh to the Arrival of the Report each was ;”: 
And repeating the Experiment at the Midway, the Motion was exactly in half 

5 — the 


(5% 
the time; and Mr. Boyle obſerved, That che Motion of Sound paſſes abo ve 
400 Yards in a Second. 

When the Firſt Trial was made, there was ſome Wind ſtirring, tho not 
much; the 2d, 3d and 6th were made in a Calm Morning, In the 8th, 
the Eccho was returned from a Wall at 395 Yards Diſtance 1 in two Seconds; 
and in the gth and 1oth, at 213 and 215 Yards Diſtance, in one Second. 
The 4th was made at one end of St. John's Cloiſter, in Oxford, which is 104 
Feet 7 Inches long, where the Sound was Refleed 11 times in two Seconds: 


And the 5th, on the North ſide of Net College Cloiſter (which is 160 Feet g 


Inches long) where there are about 74 Ecchoes in two Seconds. 
Buy ſome of thoſe Experiments that I tried, I am inclined to think, That 


the Sound moved quicker when it was Calm, than in a Wind, even when 


the Sound moved half way with the Wind; and that it moves witer at 
firſt, than afterwards. 


There i is ſeldom any Eccho, where there is not ſome Wall. Wood, Bank, or | 


ſuch like, directly oppoſite, that may Reflect the Sound to the Perſon that 


makes it; but in St. 7ohu's Grove, if you ſtand near the Gate leading from 
the College to the Grove, and Clap, the Eccho will return to you from the 


Ball Court, tho a Line drawn from you to the Ball Court be not perpen- 
dicular to che Wall there, but as much oblique as the Line AB is to the 
Line BC; where A repreſents the Gate, B C the Ball Court Wall, and B D 


8 another Wall. Or, if you ſtand at E, the Corner of the Grove next to 


Trinity, and clap, the Eccho will return to you from the Ball- Court. 

In the ſame Grove I ſtood about 20 Yards from the ſame Gate, and the 
Gate being ſhut, Clapt, and at other times Stamped, and the Eccho return- 
ed from the Gate as loud, if not louder than the Clap or Stamp. 


An Eccho reflected "6a a Gate or Door, has uſually a baſer and duller 


Sound than that which is returned from a Wall, this being much brisker. 

As have been walking towards a Wall, I have clapped my Hands toge- 
ther ſeveral times, and I could diſtinguiſh the Eccho from the Clap, till I 
came within 7 or 8 Yards of the Wall. 

In the Cloiſtero, where, as we ſaid before, the Eccho was repeated ſeveral 
times, the firſt Repetition ſeemed to be ſlower than the ſecond or third; 
but of all the Repetitions, beſides the firſt, the lubſcquent ſeemed flower 
than the precedent. 

I have obſerved the Toſſing of a Sound forward and back again, in very 
many Places where there are Parallel Walls; and where the Diſtance of the 
Walls is leſs, there the Ecchoes follow one another quicker, 

Whereſoever a Sound was thus toſſed betwixt two Walls, if I ſtood about 
the Middle, I could hear the Sound twice as quick, that is twice as often 
repeated in one Second, as if I ſtood near one Wall: The Sound being re- 
fected to me from both ends, when I ſtood in the middle. 

In Trinity Ball Court, when I ſtood and clapt at B, three or four Yards 
from the End of the Wall C, or at A, which is oppoſite to B, the Sund was 


toſſed betwixt the oppoſite Walls, but not half ſo long as when I ſtood be- 


Lwixt the Walls. In Places where there are Parallel Walls, not above ſix or 
1482 eight 


Pig. 180. 


Ng. 199. 
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eight Yards aſunder, as in Trinity Ball Court, and at the Entrance into 


The Doct᷑rine of 
Sounds; by 
Narciſlus, 
Biſhop of Ferns 
and Leighlin. 


He 156. P- 472. 
Xov. An. 1683. 


St. John's Grove, c. I have heard the Ecchoes of a Clap following one 
another diſtinctly enough: But there the Ecchoes of a muſical Note, which was 
longer than a Clap, were ſo confuſed, that they ſeemed one continued lo 


Sound: which makes me think, that the Eccho in ſome Vaults, is nothing 


elſe but the Scund toſſed betwixt the ſide Walls, and betwixt the top and 
bottom. This alſo makes me conjecture, That the Reaſon why ſtringed 
Muſical Inſtruments give a greater and longer Sound to the Strings than if the 
Strings were fixt to a ſingle Board, may be this; becaule the Sound is. toſſed 
from ſide to ſide in the Belly of the Inſtrument, 


XXII. I cannot better explain the U/efulne/s of this Theory of Sounds, than 
by making a Compariſon *twixt the Faculty of Seeing and Hearing, as to their 
Improvements. In order to which, I obſerve, That Viſion is threefold, di- 
rect, refracted, and reflcax*d ; anſwerable whereunto we have Opticks, Diop- 
tricks, and Catopiricks. | „„ ont 

In like manner Hearing may be divided into direct, refracted, and reflex'd; 
whereto anſwer three Parts of our Doctrine of Acouſticks, which are yet 
nameleſs, unleſs we call them Acouſticks, Diacouſticks, and Catacouſticks (or in 
another Senſe, but to as good Purpoſe) Phonicks, Diaphonicks, and Catapho- 
WICKS, | | 
 Dire# Viſion has been improved two ways. 

1. Ex parte Objecti, by the Arts of producing, conſerving, and imitating, 
and duly applying, Light and Colours, 2 K „„ 

2. Ex parte Organi vel Medii, by making uſe of Tubes without Glaſſes, or, 
a Man's cloſed Hand to look thro'. So likewiſe direct: Hearing, partly 
has, and partly may further receive great and notable Improvements, both 
ex parte Objecti, and ex parte Organi vel Medii. N 

1. As to the Object of Hearing, which is Sound, Improvement has been 


and may be made, both as to the begezting, and as to the conveying and pro- 


pagating (which is a kind of Conſerving) of Sounds, 

1. As to the begetting of Sounds. The Art of imitating any Sound whe- 
ther by ſpeaking (that is pronouncing) any kind of Language (which really 
is an Art; and the Art of Speaking perhaps one of the greateſt) or by Whiſt- 
ling, or by Singing (which are allowed Aris) or by Hollowing, or Luring, 


(which the Huntſman and Falconer would have to be an At alſo) or by 


imitating with the Mouth (or otherwiſe) the Voice of any Animal ; as of 
Quails, Cats, and the like; or by repreſenting any Sound begotten by the 


Colliſion of ſolid Bodies, or after any other manner; theſe are all 1mprove- 


ments of direct Hearing, and may be improved. 


Moreover, the Skill to make all ſorts of mu/ical Inſtruments, both antient 
and modern, whether Wind Inſtruments or ſtring'd, or of any other ſort, 


whereof there are very many (as Drums, Bells, the Syſtrum of the Egyptians, 3 
or the like) that Beget (and not only Propagate) Sounds : The Skill of making 


theſe, I ſay, is an Art, that has much unprov'd direct Hearing; and an 
barmonious Sound exceeds a ſingle and rude one, that is an immuſical Tune: 
which Art is yet capable of farther Improvement. And I hope, That by the 


Rules 
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Rules which may happily be laid down, concerning the Nature, Propagation, 
and Proporlion or adapting of Sounds, a way may be found out, both to im- 
prove Muſical Inſtruments already in uſe, and to invent new ones, that ſhall 
be more ſweet and luſcious than any yet known. Beſides, that by the ſame 
means 1n/truments may be made, that ſhall imitate any Sound in Nature, 
that is not Articulate; be it of Bird, Beaſt, or what thing elle ſoever. 

2. The Conveying and Propagating (which is a kind of Conſerving) of Sounds, 
is much helped by duly Placing the ſonorous Body, andalſo by the Medium. 

For if the Medium be Thin and Quieſcent, and the ſounding Body placed 
conveniently, the Sound will be eaſily and regularly propagated and mightily 
conſerved. 5 a 
I. The Medium muſt be Thin and Quieſcent: Hence in a ſtill Evening, 

or the Dead of the Night (when the Wind ceaſes) a Sound is better ſent out, 
and to a greater Diſtance, than otherwiſe. | 

2. The ſonorous Body muſt be placed conveniently, viz. Near a /mooth Wall, 
either Plain or Arched (Cycloidically or Elliptically, rather than otherwiſe; 
tho a Circular or any Arch will do; but not ſo well.) Hence in a Church, 
the nearer the Preacher ſtands to the Wall (and certainly it's much the beſt 
way to place Pulpits near the Wall) the better is he heard, eſpecially by thoſe 
who ſtand near the Wall; alſo, tho at a greater Diſtance from the Pulpit, 
thoſe at the remoteſt End of the Church, by laying their Ears ſomewhat 
Cloſe to the Wall, may hear him eaſier than thoſe in the middle. 

Hence alſo do ariſe Whiſpering Places, For the Voice being applied to one 
end of an Arch, eaſily rowls to the other. And indeed were the Motion 
and Propagation of Sounds but rightly underſtood, *rwould be no hard matter 
to contrive Whiſpering Places of infinite variety and uſe. And perhaps there 
could be no better or more pleaſant hearing a Concert of Myjic, than at ſuch 

a Place as this; where the Sounds rowling long together before they come to 
the Ear, muſt needs conſolidate and imbody in one; which becomes a true 
Compoſition of Sounds, and is the very Life and Soul of Concert, 

2. If the /onorcus Body be placed near Water, the Sound will eaſily be 
convey'd, yet mollity'd; as Experience teacheth us from a K:7gof Bells near 
a River, and a great Gun ſhot off at Sea; which differ much in the ſtrength, 
and yet Softneſs and Continuance, or Propagation of their Sounds, from the 
ſame at Land; where the Sound is more harſh and more periſhing, or 
much ſooner decays. 

3. In a Plaina Voice may be heard at a far greater Diſtance, than in 
- uneven Ground. The Reaſon of all which laſt nam'd Phenomena is the ſame ; 
becauſe the /onorous Air meeting with little or no Reſiſtance upon a Plaue 
(much leſs upon an Arcb*d) ſmooth Syperficies, eaſily rowls along it, without 
being let or hindred in its Motion, and conſequently without having its Parts 
disfigured, and put into another kind of Revolution, than what they had 
at the firſt begetting of the Sound, which is the true Cauſe of its Preſervation 

or Progreſſion; and fails much when the Air paſſes over an uneven Surface, 
according to the degrees of its Inequality; and ſomewhat alſo, when it 
paſſes over the Plain Superficies of a Body that 1s hard and reſiſtir 8. 
— : | | here- 


S ! 
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Wherefore the ſmocth T op of the Water (by reaſon of its * to tlie 
Arched Air, and gently riſing again with a kind of Reſurge, like to Elaſticity 
tho it be not ſo; by which Reſurge it quickens and haſtens the Morton 
of the Air rowling over it, and by its yielding preſerves it in its Arched 
Cycloidical or Elliptical Figur ) the /mooth Top of the N ater, I ſay, for theſe 
Reaſons, and by theſe Means, conveys a Sound more entire, and to a greater 
NDiſtance, than the Plane Surface of a piece of Ground, a Wall, or any 0. 
ther ſolid Body whatever, can do. : 

2. The Organ, which is the Ear, is helpt much by placing it near a Wall, 
(eſpecially at one end of an Arch, the Sound being begotten at the other) or 
near the Surface of Water, or of the Earth along which the Sounds are 
moſt eaſily and naturally conveyed : as was before declared. And 'tis Incre- 
dible, how far a Sound made upon Earth (by the Trampling of a Troop 
of Horſes, for Example) may be heard in a ſtill Night, if a Man lays his 
Ear cloſe to the Ground in a large Plain. 

Otaconſticks here come in for helping the Ear; which may be ſo contrived 
(y a right underſtanding the Progrelſion of Sounds, which is the principal 

Thing to be known for the due regulating all ſuch kinds of Inftruments) 
as that the Seund might enter the Ear without any Refrattion. : 

2. Refrafted Viſion (which is always made ex parte Medi) ariſes from the 
different Denſity, Figure, and Magnitude of the Medium; which is ſomewhat 
altered by the divers Incidence of the Viſive Rays, and fo it is in Refrafed 

Hearing, all theſe Cauſes concur to its Production; and ſome others to be 
hereafter conſidered. 

Now as any Object (a Man for Example) ſeen thro? a Thickened Air, 
by Refraction appears greater than really he is: So likewiſe a Sound heard 
thro' the ſame Thickened part of the Atmoſphere, will be conſiderably va- 
ry'd from what it would ſeem to be, if heard thro' a Thinner Madum. 
And this I call a Refrafed Sound. 

Improvements of Refracted Viſion have been made, by Grinding or Blow- 
ing Glaſſes intoa certain Figure, and placing them at due Diſtances ; whereby 
the Object may be (as *twas) enabled to ſend forth its Rays more Vigoroully, 
and the Viſive Faculty impowered the better to receive them. Thus, 

1. A fine Glaſs Bubble, filled with clear Water, and placed before a 


burning Candle or Lamp, does help it to dart forth its Rays to a prodigi- 
ous Length and Brightneſs. | 


2. The Viſive Faculty is much helped, | 

1. By SpeFacles and other Glaſſes, which are made to help the Purblind 
and Weak Eyes, to ſee at any competent Diſtance, 

2, By Perſpeftive Glaſſes and Teleſcopes, which help the Eye to ſee Objects 
at a very great Diſtance, which otherwiſe would not be diſcernible. 

3. By Microſcopes or Magnifying Glaſſes, which help the Eye to ſee Near 
Objetts, that by reaſon of their Smallneſs were Inviſible before. 

4. By Poliſcapes or Muliiplying Glaſſes, whereby one thing is repreſented. 

to — Eye as many, whether in the ſame or different Shapes. 


After 
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After the ſame manner, Inſtruments may be contnved for aſſiſting both 
the Sonorous Body to ſend forth its Sound more ſtrongly, and the Acouſticſ Ta- 
culty to receive and diſcern it more eaſily and diſtinctly. And thus; 

1. An Inſtrument may be invented, that applied to the Mouth, (or any 
Sonorous Body) ſhall ſend forth the Voice diſtinctly as to a prodigious Diſtance 
and Loudneſs, For if the Stentoro-phonicon (which is but a Rude and Inarti- 
ficial Inſtrument) does ſuch great Feats ; what might be done with One 
compoſed according to the Rules of Art, whoſe Make ſhould comply with. 
the Laws of Sonorous Motion, which that does not? e 

2. There are ſome Inſtruments, and more ſuch may be Invented to help 
the Ear: As, | | 8 „ 
| 1. Otacouſticks (and better may be made) to help Weak Ears to hear at a 
reaſonable Diſtance alſo. Which would be as great a help to the Infirmity of 
Old Age, as the other Invention of SHectacles is, and perhaps greater; for aſ- 
much as the Hearing what's ſpoken is of more daily Uſe and Concern to ſuch 
Men, than to be able to read Books, or to view Pictures. E 

2. A ſort of Otacouſiicks may be fo contrived, as that they ſhall receive 
in Sounds made at a very great Diſtance, which otherwiſe would have been 
| Tnaudible: And theſe Otacouſticks, in ſome Reſpects, would be of greater 
uſe than Perſpettives. „ „„ 

1. In Time of War, for diſcovering the Enemy at a good Diſtance, when 
he marches or lies incamp'd behind a Mountain or Wood, or any ſuch 
Place of Shelter, which hinder the Sight from reaching very far. 

2. At Sca, when in dark Hazy Weather the Air is too thick, or in Stormy 
Tempeſtuous Weather, the Waves riſe too high, for the Perſpective to be 
made uſe of. 6: wk | 
3. In Dark Nights, when Perſpectives become almoſt inſignificant, and. 

yet at ſuch times, generally, Soldiers taket heir March, when they would 
ſurprize their Enemies. „ . 
4. Microphones, or Micraconſiicks, that is, Magnifying Ear Inſtruments, 
which may be contrived after that manner, that they ſhall render the moſt 
Minute Sound in Nature diſtinctly Audible by Magnifying it to an uncon- 
ceiveable Loudneſs: By the help whereof we may hear the different Cries 
and Tones of the ſmalleſt Animals, „ 

5. A Polyphone, or Pciycouftick, ſo ordered that One Sound may be heard, 
either of the Same, or a Different Note : Infomuch that who uſes this In- 

rument, he ſhall at the Sound of a Siu¹g Vio ſeem to hear a whole Concert, 
and all True Harmony, By which means this /{rument has much the Ad- 
vantage of the Poly/cope, 85 | LT 

I have called it Refracted Hearing, becauſe made thro? a Medium, viz. 
Thick Air, or an Inſtrument, thro? which the So, paſſing is broken or 
Refrafted. 3 | 

3. Reflected Viſion (which is always made ex parte Oljedi) hath been im- 
prov'd by the Invention of Looking Glaſſes and Poliſbd Mals, whether 
Plane, Concave or Convex, of ſeveral F gures, and placed at Determinate 

Diſtances. 
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In like manner reftex*d Audition (which is only made ex parte Corporis Ot- 
t2/iti) may be improved by contriving ſeveral forts of Artificial Ecchoes, For 
(ſpeaking in general) any Sound falling directiy or obliquely upon any denſc 
Body of a ſmooth (whether Plane or Arch'd) Superficies, is beat back again 
and reflected, or does Eccho more or leſs. Ws 5 

I ſay, (1.) Falling directly or obliquely ; becauſe, if the Sound be ſent out 
and propagated Parallel to the Surface of the denſe Body, there will be no 
Reflection of Sound, no Eccho. | | 


I ſay, (2.) Upon a Body of a ſmooth Superficies; becauſe if the Surface of 
the Corpus Obſtans be uneven, the Air by Reverberation will be put out of its 
regular Motion, and the Sound thereby broken and extinguiſh'd : So that, 
tho in this caſe alſo the Air be beaten back again, yet Sound is not reflected, 
nor is there any Eccho. „„ = „ 

I fay, (3.) It does Eccho more or leſs, to ſhew, that when all things are, 
as is before deſcrib'd, there is ſtill an ecchoing, tho it be not always heard, 
either becauſe the direct Sound is too weak to be beaten quite back again 
to him that made it; or that it does return home to him, but ſo Weak, 
that without the help of a good Otacouſticł it cannot be diſcerned ; or that he 
ſtands in a wrong Place to receive the reflected Sound, which paſſes over his 
Head, under his Feet, or to one ſide of him; which therefore may be heard 
by a Man ſtanding in that place, where the reflected Sound will come, pro- 
vided no interpos'd Body does intercept it; but not by him that firſt 
made it. „ . 5 b 
Theſe Ecchoes (like Reſlected Viſion) may be ſeveral ways produced, as; 
1. A Plane Corpus Obſtans reflects the Sound back in its due Tone and Loud- 
neſs ; if allowance be made for the proportionable Decreaſe of the Sound ac- 


cording to its Diſtance, ek 

2. A Convex Corpus Obſtans repels the Sound (inſenſibly) ſmaller : but 
ſomewhat quicker (tho weaker) than otherwiſe it would be. 

3. A Concave Corpus Obſtans ecchoes back the Sound (inſenſibly) bigger, 
| ſlower, (tho ſtronger) and alſo ixverted; but never according to the or- 

der of Words. Nor do I think it poſſible for the Art of Man to contrive 
a ſingle Eccho, that ſhall invert the Sound and repeat backwards; becauſe 
then the Words laſt ſpoken, that is, which do laſt occur to the Corpus Obſtans, 
muſt firſt be repe/Pd ; which cannot be. For where in the mean time ſhould 
the firſt Words hang and be conceal'd or lie dormant ? Or how, after ſuch 
a Pauſe be reviv*d and animated again into Motion? Yet in complicated or 
compound Ecchoes, where many receive from one another, I know not 
whether ſomething that way may not be done. 5 

From this determinate Concavity or Archedneſs of theſe reflecting Bodies, it 
comes to paſs, that ſome of them from a certain Diſtance or Poſiture, will 
eccho back but one determinate Note, and from no other Place will they re- 
verberate any; becauſe of the undue Poſition of the ſounding Body. Such 
an one (as I remember) is the Vault in Merton College in Oxford. 
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4. The Echoing Body, being removed farther off, reflefts more of the 
Sound, than when nearer. And this is the Reaſon, why ſome Echoes repeat 
but one Syllable, ſome one Word, and ſome many. 
5. Echoing Bodies may be fo contriv'd and plac'd, as that refleZing the 
Sound from one to the other, either directly and mutually, or obliquely and 
by Succeſſion, out of one Sound ſhall many Echoes be begotten 3 which in 
che firſt Caſe will be all together and ſomewhat involv'd or ſwallow'd up of 
each other; and thereby confuſed (as a Face in Looking-Glaſſes obverted ;) 
in the other they will be diſtin, ſeparate and ſucceeding one another, as 
moſt multiple Echoes do. 
Moreover, a multiple Echo may be made, by ſo placing the Echoing Bo- 
dies, at unequal Diſtances, that they reflect all one way, and not one on 
the other; by which means a manifold ſucceſſi ve Sound will be heard (not 
without Aſtoniſhment;) one Clap of the Hands like many; one Va like a 
Laughter z one ſingle Word like many of the ſame Tone and Accent; and 
ſo one Viol like many of the ſame kind, imitating each other.  _ 
Furthermore, Echoing Bodies may be ſo ordered, that from any one Sound 
given, they ſhall produce many Echoes different both as to their Tone and 
Intention. By this means a mu/ical Room may be ſo contrived, that not onl 
one Inſtrument, played on in it, ſhall ſeem many of the ſame Sort and Size; 
but even a Concert of (ſomewhat) different ones; only by placing certain 
Echoing Bodies ſo, as that any Note (played) ſhall be returned by them in 
24s, 5ths, and 8:h5, which is poſſible to be done otherwiſe than was menti- 
oned before in refracted Audition. | 
have been thus large, that I might give you a little Proſpect into the 
Excellency and Uſefulneſs of Acouſticks, and that thereby I might excite 
others to bend their Thoughts, towards the making of Experiments for the 
compleating this (yet very Imperfect tho Noble) Science; a Specimen 
' whereof I will give in theſe three Problems. | 


Prob. I.] To make the leaſt Sound (by the help of Inſtruments) as loud as the 
greateſt ; a Whiſper to become as loud as the Shot of a Cannon. 


By the help of this Problem the moſt minute Sounds in Nature may be 
clearly and diſtinctly heard. | 


Prob. II. To propogate any (the leaſt) Sound to the greateſt Diſtance. 
By the help hereof any Sound may be conveyed to any and therefore heard 
at any Diſtance, (I muſt add, within a certain, tho very large Sphere.) 
. Moreover by this means a Weather-Cock may be fo contrived, as that with 
an ordinary blaſt of Wind it ſhall cry (or whiſtle) loud enough to be 
heard many Leagues. Which haply may be found of ſome Uſe, not only 
for Pilots in mighty tempeſtuous Weather, when Light Houſes are rendred 
almoſt uſeleſs : But alſo for the meaſuring the Strength of Winds, if allow- 
ance be made for their different Moiſture. For I conceive, That the more 
dry any Wind is, the louder it will whiſtle, ceteris paribus ; I ſay, ceteris 
paribus, becauſe, beſides the ſtrength and dryneſs of Winds or Breath, there 
— — .. are 


1 
are a great many other things (hereafter to be confider'd) that concur to 


the increaſe of magnifying of Sounds, begotten by them in an Inſtrument ex- 
poſed to their Violence, or blown into. 


Prob. III.] That a Sound may be convey'd from one extreme 19 the other (or 


from one diſtant Place to another) fo as not to be heard in the middle. 


Fog. 197. 


By the Help of this Problem a Man may talk to his Friend at a very con- 
ſiderable Diſtance, ſo that thoſe in the middle Space ſhall hear nothing of 
what paſſed betwixt them. | 1 | 

I ſhall here add a Semiplane of an Acouſtick or Phonical Sphere, as an At- 
tempt to explicate the great Principle in this Science, which is the Progre/- 
ſion of Sounds. | | 

You are to conceive this (rude) Semiplane as Parallel to the Horizon ; for, 
if it be Perpendicular thereunto, I ſuppoſe the upper Extremity will be no 
longer Circular, but Hyperbolical, and the lower part of it ſuited to a grea- 
ter Circle of the Earth. So that the whole Phonical Sphere (if J may ſo call 
it) will be a ſolid Hyperbola, ſtanding upon a Concave Spherical Baſe. I ſpeak 
this concerning Sounds made (as uſually they are) nigh the Zarth, and whoſe 


ſonorous Medium has a free paſſage every way. For if they are generated 
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high in the Air, or directed one way, the Caſe will be different; which is 
partly deſigned in the Inequality of the Draught. | 


XXIII. A Paper, of I/ General Uſe, omitted, viz. 


T Meriments to be made, relating to Carriages 3 propoſed by Sir William 


XXIV. Accounts of Books and Additions, omitted. 


is Dy vi Percuſſionis, Joh. Alphonſ. Borelli. Bononiæ, 1667. in 40, 


2. De Motionibus d Gravitate dependentibus Liber, Jo. Alphonſi 
Borelli, in Academia Piſana Matheſeos Profeſſoris, Regio Julio 1670. in 410. 
3. Dialogi Phyſici, quorum Primus de Lumine; Secundus & Tertius de Vi 


Percuſſionis & Motu; 2wartus de Humoris Elevatione per Canaliculum; Quin— 
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tus & Sextus de Variis Seleftis, Auth, Honor, Fabry, S. Jeſu. Lugduni Gal- 
liarum. 1669. in $vo, DE 

4. Mechanica, five de Motu, Trafatus Geometricus : Auth, Joa. Wallis, 
S. F. Th. D. Londini, 1670. 1671. in 4t0. The Author here makes ſome 
Additions to Prop. I. Chap. XV. p. 753. concerning the Center of Gravity of 
the Hyperbola. | 

5. Exercitationes Mechanice, Alexandri Marchetti. Piſis, 1669. in 400. 

6. De Reſiſtentia Solidorum, Alexandri Marchetti in Piſana Academia Phil, 
Prof. Florentiæ. 1665. in 40. 8 

7, Hypotheſis, Phyſica nova, five Theoria Motus Concreti, una cum Theoria 
Motus Abſtracti. Auth. Gothfredo Gulielmo Lebnitio. J. J. D. Lond. 
1621 in 129% Of this Book Dr. Wallis here gives his Opinion, 8 
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8. La Statique on la Science de Forces Mouvantes, par le P. Ignace Ga- u- 94+ b. 6542. 
ſton Pardies, S. J. 4 Paris 1673. in 12%. The firſt Part being of Local Mo- 
tion. Printed at Paris, 1670. was Engliſhed and printed at London, the n. 65. f. 2010. 
ame Year, in 12. 


9. Chriſtian Hugenii Zulichemii Horologium Oſcillatorium. Pariſiis, 157 3. n. gg. 2. 6058." | 
in Fo 
10. A Diſcourſe made before the Royal Society concerning the Uſe of Dupli- . 109. b. 205 
cate Proportion in ſundry important Particulars; together with a New Hypo- 
theſis of Elaſtique or ſpringy Bodies: By Sir William Petty. 
11. Traite de la Percuſſion ou Choq des Corps, c. par M. Marriotte, de n. 134. b. 359. 
Academie Royal des Sciences, A Paris, 1673. in 129. 
12. Philoſophie Naturalis Principia Mathematica. Authore If. Newton v. 186. p. 291. 
Lond. in 40. | N 


13. Traite de Mouvement des Eaux & des autre; Corps Fluids. Par feu u. 18 1. f. 191. 
M. Mariotte, a Paris, 1686. in 8 vo. | 


14. Mechanick Exerciſes ; or, The Doctrine of Handy Works. By Mr. n. 3 967. 
Joſ. Moxon. Lond. 1677. in 4to. 39: 1.965. 


15. The Speaking-Trumpet, as it bath been contrived, and Publ; iſhed, by n. 79. b. 3056. 
Sir Samuel Moreland : ; Zogetber with its Ules both at Sea and Land. Lond. 


1671. 
Hydroſtaticks. Hydraulicks, 
3 AKE a Viol with a very narrow Body, and, when it is almoſt full, To weigh Water, 


the Water is to be dropt into it, drop by drop, till it can hold 7, % Fe 
no more. Then weigh it exactly, and deduct the weight of the empty Viol. 1 
2. A is a Glaſs Bottle like a little Matracium, of which the Neck B C is 1 
ſo ſmall that a drop of Water therein takes up che Space of 5 or 6 Lines; n. of 
near that Neck is a little Capillar Tube P, about 6 Lines long, and Parallel *s 15. 
to the Nc B C; the opening B 1s a little dilated, in the Faſhionof a Tun- 
nel, for pouring more eaſily the Liquors into the Bottle, and the little 
Tube D is for giving a way to the Air contained in that Veſſel to go out, 
when the Liquor i is poured in at B; the Point C is a little Mark at the ſame 
height as the end of the little Tube D. 
Whenwe fill the Veſſel, we pour the Liquors i into it, by the opening B, 
until it goes out by the lictle Tube D, and, if the Height of the Liquor is 
even to the Mark C, tis well; if it is lower, we muſt fill more to that 
Point; if it is higher, we muſt ſtrike ſoftly upon the opening B, till the 
Overplus of the Liquor be even to the Point C in the Neck of the Bottle. 
By that means we have always exactly the ſame Volume of Liquor, and we 
= know how the ſame Volume of the ſeveral Liquors weighs more one than 
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another pretiſcly, But we muſt conſider the variation of the Weather, when 
we Compare the weight of a Liquor which we weigh in Summer time, with 


TER. dhe weight of another Which we have weighed in the Winter; for the ſame 


A New Eſſay 
Inſtrument ; 
by M. Boyle, 
n. 24+ P. 447. 
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Liquor, being more rarified in the hot time, and condenſed in the cold, the 


ſame Volume of it will be more weighty in cold Weather than in warm. 


II. 1. Many Yeats ago I made uſe of a little Glaſs Inſtrument, conſiſting 
of a Bubble, and furniſhed with a long and ſlender Stem to compare the /pe- 
cifick Gravities of different Liquors by its more or leſs ſinting in them: And I. 
have ſince employed it to diſcover the ſpecifick Gravities of ſeveral Solids, ap- 
pended, by its being more or leſs depreſſed by them in the ſame Liquor. For 


ttis clearly deducible from the Grounds of Hydroſtaticts, that any ſolid Body 


heavier than Water, loſes in the Wateras much of the welght it had in Air, 


as Water of equal Bulk to the immerſed Solid would weigh in the Air; 


and conſequently, ſince Gold is by far the moſt ponderous of Metals, apiece 
of Gold, and one of equal Weight of Copper, Braſs, or any other Metal, 
being propoſed, the Gold muſt be leſs in bulk, than the Copper or Braſs. 
And by this means, if both of them be weighed in the Water, the Gold 
muſt loſe in that Liquor leſs of its former Weight than the Braſs or Copper ; 
becauſe the baſer Metal, as well as the Gold, grows lighter by the weight of 
a bulk of Water equal to it: and the baſer Metal being the more volumi- 
nous, the correſpondent Water mult weigh more than that which is corre- 
ſpondent to the Gold. Whence I concluded, that the floating Inſtrument 
abovementioned would be made to fink deeper by,an Ounce, for Inſtance of 
Gold, hanging at it under Water, than by an Ounce of Braſs, or any other 
Metal, which, by reaſon of its greater Bulk than Gold, loſing more of its 
weight by the Immerſion, muſtneeds retain leſs, and ſo have leſs power to 


_ depreſs the Inſtrument *twas faſtened to. Which Concluſion will alſo hold 


(tho the Diſparity be not ſo great and conſpicuous) in reference to other 
Metals, as Lead and Tin, that differ in ſpecificz Gravity. | 
This Inſtrument may be of Glaſs, Copper, Silver, or almoſt any other ſo- 
lid Body, that is, or may be made, fit to foat on the Water, with a 
Guinea, &c. hanging at it, and of a Texture cloſe enough to keep out the 


Water. It conſiſts of three Parts: The Ball or Globulous part; the Stem 


Jig. 194. 


or Pipe; and that which holds the Coin. 

The Ball or Round part of BCDE (if of Metal) conſiſts of two thin 
concave Plates, exactly ſoldered together in the middle; and at the diſtanteſt 
parts from the Commiſſure, there ought to be left two oppoſite Holes, one in 
each Plate, for the two other parts of the Inſtrument, This middle part, 


tho for Brevity's ſake we name it the Ball, ſhould not be exactly round; 


but of any Shape that ſhall be found fit to make the Inſtrument keep to its 
ere& poſture ſteadily in the Water, It muſt contain as much Air as ma 
ferve to keep the whole Inſtrument, when loaded, from ſinking beneath the 
top of the Stem. _ WEE | | 
The Stem AB is to be ſoldered on to the Ball at the uppermoſt of the 
two mention*d Holes. It may be either hollow or ſolid: But it ought to be 
| — — made 
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made very ſlender, that the different Depreſſions of the Inſtrument in the 


Water may be the more notable. And, for the ſame reaſon, it ought not 


to be too ſhort, eſpecially if it be to be applied to other Uſes than the Ex- 
amining of Guincas. 

At the undermoſt of the two Holes in the Ball, is inſerted and ſolder'd 
the undermoſt part of the Inſtrument, which I call the Screws, or the Stirrup. 


The Screw F is a very ſhort Piece of Braſs with a broad Slit in it, capable 


of receiving the Edge of the Guinea, which with one turn or two of a ſmall 
and ſlight lateral Screw may be kept faſt in it, and readily, the Operation 
being ended, taken out again. The Stirrup G is made of a piece of Wire, 


that, a little beneath rhe bottom of the Ball, is bent round, ſo as to ſtand 


 Horizontally, that the Gni7ea may be laid on it. 


It would be convenient, that the undermo/t Stem and the Screw be made by 
itſelf, that it may be at pleaſure thruſt upon the Stem, and taken off again. 
For, by this means, if the Ball of the Inſtrument be made large enough, you 


may have room to put on for Ballaſt, as occaſion ſhall require, one, two, or 


three flat and round pieces of Copper, Lead, Sc. with each of them a Hole 
in the middle fitted to the Size of the Stem, ſo that they may be put on as 
near the lower part of the Ball as you think fit, and then the S:rew may be 
thruſt on after them, not only to take Hold of the Coin or metalline Mix. 
ture to be examin d, but to ſupport the thin Plates. 


To aquſt this [n/tryment for the uſe of examining Guineas, which are by 


far the moſt uſual Gd Coins that paſs in England, you muſt by the help of 
the S/ irrup or Screw, hang, at the bottom of it, a piece of that Coin which 
you know to be genuine, and having carefully ſtopt the Orifice of the Stem 
(if it be a Pipe) that no Water may get in at it, immerſe the Iaſtrument lei- 
ſurely and perpendicularly into a Veſſel full of clean Water, *cill it be depreſt 
almoſt to the top of the Stem, and then letting it alone; if, being ſettled, it 


continue in the ſame Station and Poſture, your work is done, if it emerge, 


you muſt add a little weight to it, either by putting into the Stem, if it be 
Hollow, ſome Duſt Shot, Filings of Lead, or ſome other minute and heavy 


Body, or elſe by putting on the ſhort Stem abovementioned, that comes out 


Hg. 19. 
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beneath the Ball, a flat, round and perforated piece of Lead, of Weight ſuf- 


ficient to enable the Guinea to depreſs the Weight as low as *tis deſired: But, 
if it fink quite under Water, you mult lighten it either with a File, or by 


| ſcraping or grating off a little of the Ballaſt Plate abovementioned ; or, if 


you have put any Weight into the Cavity to poize it, by taking out ſome of 


that, till you have made it light enough: This being done, a Mark, H, is 


to be made Juſt at the place where the Surface of the Water touches the 

Stem, and then taking out your Inſtruments, ſubſtitute, in the place of your 
Guinea, a little round Plate of Brafs, of the ſame Weight, ora Grain or two 

heavier, in the Air; and, putting the Inſtrument into the Water, as before, 

ſuffer it to Settle, and make another Mark I, at the Interſection of the 
Stem and the Horizontal Surface of the Water. | 


There may (tho 'tis like there very ſeldom will) happen a Caſe where 


in, tho the Principle our 1n/irument is framed on, will hold good, yer 


Fig. 193. 
Fig. 194. 
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the Practical Application may be Unſecure. For, if a Falſiſier of Money have 
the Skill, by Waſbing or otherwiſe, to take off much of the Quantity or Sub- 
ſtance of the Guinza, without altering or impairing either the Figure or Stamp, 
the piece of Coin will not he able to depreſs our Inftrument to the uſual 
Mark, and may thereby make it to be judged Counterfeit, when *tis indeed 
but too Light. But it preſently ſhews, that the propoſed Guinea, if it be not 
Counterfeit, is otherwiſe Abuſed; and, tho it does not clearly determine, 
whether that likewiſe proceed from the want of Specific Gravity in the Me- 
tal, or from the Coins having been waſhed, or otherwiſe fraudulently %. 

ed; yet it probably reſolves the doubt, becauſe, if the want of Weight ap- 
pear by the Inſtrument to be very great, as it uſually does, where the piece 
has been robbed of ſome of its Subſtance, 'tis a ſtrong Preſumption, that 
tis rather Waſhed, &c. than Counterfeited. However, it will be ſure to 
prompt him that uſes it, to employ the Ballance, which will preſently aſſiſt 
him to reſolve his Doubt. For if the Suſpected Coin have in the Air its 
due Weight, *twill argue that the great Lightneſs of it in the Water pro- 
ceeds from its not being of the requiſite Fineneſs; and, if it want much of 
its due Weight in the Air, *tis very probable, that *tis Waſbed, Sc. ra- 
ther than of another Metal than Gl. „ 

Any other kind of Gold Coin, that is near about the Weight of a Guinea, 
may be examined by our Inſtrument after the Manner above deliver'd. If 
the Coin be heavier than a Guinea, as is a twenty Shilling piece of Broad 
Cold, the Ballaſt, whether internal or external, of the Inſirument, muſt be 

taken off, that ſo heavy a Coin may not quite ſink it. But, if it be lighter 

than'a Guinea, one may add as much Gold (of the ſame Alloy) beaten into 

thin Plates, as with the Coin propoſed, will make up in the Air the Weight 

ofa Guinea, For then this Aggregate, being examined, as if it were a Guinea, 
will diſcover in the Water, whether the Coin be Right or Counterfeit. 
This Inftrument may be alſo made to ſerve to examine ſome ſorts of white 
Money, leſs heavy than Half-Crowns. And, becauſe it may be uſeful to know 
in General, what Coins may, and what may not, be examined by this or that 
particular Inſtrument propoſed, I ſhall here add a general way that is not dif- 
ficult for finding this out; namely, firſt by Weighing the piece of Gold or 
Silver in the Air, and afterwards in the Water, and Subtracting the latter 
from the former, to obtain the Difference of the two Weights : Andnextb 
Weighing alſo in the Air and in the Water a piece of Copper or Braſs, if 
this be the likelieſt to be employed in Counterfeiting the Coin, and obſervin 
likewiſe the Difference between thoſe Weights. For, the leſſer of theſe Diffe- 
rences being ſubtracted from the greater, the Remains will ſhew, how much 
the true piece of Coin will out-weigh the other in the Water, and conſe- 
quently, if ſo many Grains, as this reſidue amounts to, being added to the 
Weight of the lighter Metal, do make a ſufficiently manifeſt Depreſſion of 
it below the Mark it would ſtay at without that Addition, one may probably 
conclude, that the Difference between a True and Counterfeit piece of Coin 
propoſed, will be diſcoverable by the Inſtrument. But it may be Expedient, 
for thoſe that have frequent Occaſions to examine various ſorts of Coin, 


0 
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to have a ſeveral Iſerumens adjuſted for each of them, to ſave themſelves 
ſome Pains and Trouble, f 

With this Instrument, Pure Jin may be certainly diſtinguiſh'd from ſuch 
as is adulterated. For, as Cold, being the Heavielt of Metals, cannot be 

allay*d by any other that will not depreſs our Inſtrument leſs than Gold car. 
do; ſo Tin, being the lighteſt of Metals, cannot be mixed with any other 
that will not fink it lower than unmix'd Tin, (till ſuppoſing the Weight 
to be the fame in the Air.) | FR 

After the ſame manner may Pewter be compared and examin'd. For, ha- 
ving once obſerv'd how much the /n/lrument is depreſt by a piece of two, 
three, or four Drams, or even an Ounce Weight of Pewter, which is known 
to be good, and to contain ſuch a proportion of Lead in reference to the Tin, 
if you load the Inſtrument with an equally Heavy piece of any other Maſs of 
Pewter propounded, if the [n/?rument fink deeper, 'twill be a ſign that the 
former Proportion of Lead may be very probably argued to exceed in the 
mixture; I fay probably, becauſeperhaps ' tis poſſible to embaſe Petter b 
mixing not only Lead, but other Mineral Subſtances, whoſe Specifick Gra- 
vity 15 not well known: But yet I fay very probably, becauſe the Addition 
of two much Lead is the moſt Gainful way of Adulterating Pewter. 

This Inſtrument may alſo aſſiſt us, to make ſuch an Eſtimate as will not 
much deceive us of the Fineneſs of Gold and its differing Alays with Silver, 

or ſome other determinate Metal. 55 „ 

In order to this, the /7/{rument may be fitted to ſink to the tip of the Pipe 
with ſome determinate Weight of the Fine} Gold, as of 24 Carats, as they call 
that which is moſt Pure and Fine. But ' twill be convenient, that this Metal, 
in the Air, be juſt an Ounce, or half an Ounce, or ſome ſuch Determinate 
Weight, that is commodiouſly Diviſible into many aliquot Parts. Then 
you may make a Mixture, that contains a known Proportion of the Metal 
wherewith you a!lay the Gold; as if it hold 19 or 15 parts of Gold, and one 
of Silver; and, letting the Inſtrument ſettle in the Water, mark the place 
where the Surface of the Water cuts the Sem or Pipe. And then putting in 
another Mixture, wherein the Silver has a new and greater Proportion to 
the Gold; as if the former be an 18% or a 14/h part of the latter, you may 
obſerve, how much leſs than before this depreſſes the Inſtrument, and lo you 
may proceed with as many Mixtures or Degrees of Allays as you think fit, 
or can be diſtinguiſh*d conveniently on the $!em ; being always, careful, 
that, whatever be the Proportion of the two Ingredients, the Weight of the 
Maſs in the Air be juſt the ſame with that of the Pure Gold, which we may 
have lately ſuppoſed to be an Ounce, or half an Ounce. 

By the ſame Method may be examined the differing Alays of Pure Silver, 
upon the Admixture of ſuch and ſuch determinate Proportions of Copper, or 
any other Metal lighter in Specie than Se; and by the ſame way, with a 

flight Variation, *rwill not be difficult to eſtimate, how much divers Coins, 
whether of Silver or Gold, are more or leſs embas'd by the known ignobler 
Metal that is mix'd in the piece propoſed. Theſe Eſtimates (which may be 
made without much Trouble) will come nearer the Truth, not only than 
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the Eſtimates wont to be made by the Touch. Stone, but perhaps too, than 
ſome of thoſe that divers make with Trouble, Inconvenience, and Charge. 
It may be alſo employ'd to examine other Mixtures beſides Allay' d Coins, 
and that if the Inſtrument be adjuſted to an Ounce, for inſtance, of Pure 
Copper, it may help Men to make an Eſtimate of the Allay of Tin, or the 
uantity of it that is oftentimes added to Copper, to make different Sorts 
of Bell. Metal, and of thoſe Metalline Specuia, whether Plane or Concave, 
that are call'd Steel Glaſſes, as alſo of Solders conſiſting of certain Propor- 
tions of Silver and Braſs, or Copper; in all which, and divers others, the 
Diſcovery of the Proportion of the Ingredients may, on ſome Occaſions, be 
uſeful to Tradeſmen, as well as deſirable to Virtuoſi. And tho I have ob- 
ſerved, that by Mixture, Tin and Copper acquire a S/ecifick Gravity ſome- 
what differing from what their Ingredients promiſe; yet, ſince the Inſtru- 
ment is to be fitted for ſuch Eſtimates, not by Calculation, but by Trials, 

the Eſtimates may be made near enough to the Truth. „ 
Farther confi- 2, Long ſince I took Notice, how Light and Silver-like the Pewter was, 
dered; by © * * which deſcended to us; but, as ſoon as, to follow the Faſhion, we changed 
eee, i he Weight and the very Colour was altered ; and is in every Change 
more and more embaſed. And, if our Silver-Smiths hold on their degra- 
ding Mixtures, I ſhall queſtion, whether our Silver-Plate may not ſhortly 
come down to approach our Fore-Fathers Pewter : I mean, in the Coun- 

try, where 'tis never or ſeldom tried. 


The Weight of III. A Glaſs Bubble, of about the Bigneſs of a Pullet's Egg, was purpoſely 


_ Water in Water 


6, M, Boyle. blown at the Flame of a Lamp, with a ſomewhat long Stem turn'd up at 
a. 50. p. 6001, the End, that it might the more conveniently be broken off. This Bubble 
= being very well heated to rarify the Air, and thereby drive out a good part of 
it, was nimbly ſealed at the End, and, by thehelp of the Figure of the Stem, 

was by a convenient Weight of Lead depreſſed under Water, the Lead and 

Glaſs being tied by a String to one Scale of a good Ballance, in whoſe other 

there was put ſo much Weight, as ſufficed to Counterpoiſe the Bubble, as 

tit hung freely in the midſt of the Water. Then with a long Iron Forceps I 
carefully broke off the Seal'd End of the Bubble under Water, ſo as no Bubble 

of Air appear'd to emerge or eſcape thro' the Water, but the Liquor by 

the Weight of the Atmoſphere ſprung into the unrepleni{h'd part of the Glaſ- 

Bubble, and fill'd the whole Cavity about half full; and preſently, as I fore- 

told, the Bubble ſubſided, and made the Scale it was faſtened to, preponderate 

ſo much, that there needed 4 Drachms and 38 Grains to reduce the Ballance 

to an Aquilibrium. Then, taking out the Bubble with the Water in't, we did, 

by the help of the Flame of a Candle, warily applied, drive out the Water 

(which otherwiſe is not eaſily excluded at a very narrow Stem) into a Glaſs 
counterpoiſed before; and we found it, as we expected, to weigh about 
Drachms and 30 Grains, beſides ſome little that remained in the Egg, and 

ſome ſmall matter that may have been rarity'd into Vapours, which added to 

the Piece of Glaſs that was broken off under Water and loſt there, might ve- 

ry well amount to 7 or 8 Grains. By which it appears not only, that Water 
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hath ſome Weight in Water, but then it weighs very near or altogether as 
much in Water, as the ſelf ſame Portion of a Liquor would weigh in the 
Air. We repeated the Experiment with another ſeal'd Bubble as big as a 
great Hen-Egg, with like Succeſs. 


IV. Apr. 7. 1680. Being off of Pantalara near Sicily in a Calm, I let 15 Pregure of 
down a Bottle 70 Fathom, ſtop'd with an excellent good tender Cork, well N 
fitted, and the Cork came up in the Bottle # full of Salt Water. The Bottle Perion of Ho- 
was again fitted with an excellent good Cork, but of a Woodineſs or nen : 
Hardneſs as ſome Corks are; with the which, being let down in like manner, My 
the Cork continued in its Place, but as it were bruiſed, and the Bottle, as be- 
fore, about 4+. fullof Salt Water: Whereupon I took a good Ox Bladder, 
and bound it four fold over the Mouth of the Bottle without any Cork atall, 
only I put a piece of Leather to keep the Glaſs from cutting the Bladder ; 
and fo ordered, it was let down as before, but taken up without any Water, 

or the leaſt Moiſture in it. 
May 18. 1680. Being in a ſtark Calm ſome Leagues diſtant from the | 
Coaſt of South Spain, off the great Hills of Granada, we took a Bottle and 
dclapt a Leather onthe mouth of i it, tying over that a fingle part of the Blad- 
der, the which we let down 75 Fathom, but it came up again entire: We 
then made a Hole in the Leather, about the bigneſs of a large Pea, and 
let the ſame down again 75 Fathom, but it came up perforated in the va- 
cant place where the Leather had the Hole in it, and almoſt full of Water: 
| we then bound over another part of the Bladder ſingle, and let it down but 
Zo Fathem, but it came up whole and entire; whereupon immediately we 
let it down 50 Fathom, but it came up broke and full of Water. Then, 
we again fitted the Bottle with the ſaid perforated peice of Leather and a 
double Bladder, and let it down 50 Fathom ; but it again came up entire: 
So again, immediately we let it down 75 Fathom. but then 1t came up bro- 
ken and full of Water, 
June 24. 1680. Being in 394 Degrees of Latitude, and by the Ship's Ac- 
count 150 Leagues Weſtward of Portugal, I cauſed a Florence Flask to be 
well ſtopped with a Bladder over the Mouth of it, and lower'd it down 
o Fathom, but it was taken up broken. Whereupon, imagining that the 
roughneſs of the Lead's halling ſo tender a Body fo violently thro? the Water 
might be the Breaking thereot, Jcauſed another Fask in like manner to be 
fitted, and cloſe by it [tied likewiſe another Nas, fo as to be borne with the 
Mouth downwards, as were the other, but which was not ſtopp'd; and theſe 
I cauſed to be taken up when they had been but 10 [atb9m under Water, 
and found them both entire; but the open #!a5k almoſt full of Water; the 
which being emptied, were both let down again and taken up at 20 Fathom, 
when the open Flas was entire, tho full of Water, but the other broken to 
pieces. 
: Fun. 8. 1693. In the Bay of Biſcay, when we had 100 Fathom of Water, Þ — n. 
we took a Quart- Glaſs- Bottle ſtopt witha large Cork: And, faſtening it to at 
our Plumbing-Rope with the Lead at the end, we ſunk it to the Boltom of the 
* 5 „ | 8 Sea, 
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Sea, which as ſoon as we perceived, we drew it up again, and found the Cork 
quite preſſed thro? the Neck of the Bottle into its Cavity, and the Bottle 
= full of Salt Sea-Water., We repeated our Experiment with another Bottle and 
| Cork in the ſame manner as before; but, the Cork being not ſound, the Sea- 
Water ſoaked thro? it, and the Bottle was half full of Water; ſo the Cork 
remained in the Mouth of the Bottle, not preſſed down at all. We repeated 
our Experiment a third time in go Fathom of Water, with a very ſound Cork, 
and much larger than the Mouth of the Bottle. We beat it in with a Ham. 
mer as far as it would go, leaving about an Inch of the Cork above the Mouth 
8 of the Bottle. The Cork at this Trial was preſſed down only into the Neck, 
and became level with the Mouth of the Bottle: But I really believe, had 


we had 10 or 20 Fathoms of Water more, it would have ſucceeded as at our 
firſt Trial. 


— 4 — — — 4 —— —— — * 


The Weight of V. 1. The following Bodies were poured a into a veſſel of well 


n . ſeaſoned Oak, whoſe Concave was an exact Cubick Foot, Thoſe in the 
1 Twelve firſt Experiments were weighed in Scales turning with two Ounces, 
5 at Oxford © put the laſt Seven were weighed in Scales turning with one Ounce. The 


n. 169. P. 926. Pounds and Ounces here mentioned are Averdupois. 


Mar. An. 1685. | | | 
| fi (6 3 
1A Foot of heat (worth 65. a Buſhel.) — — — 47 _ 
2% heat of the beſt ſort (worth 6 5. 4 d. a Buſhel.) — — 4 

Z The fame ſort of M beat meaſured the ſecond time. —— —— — 48 2 
Both ſorts were Red Lammas Wheat of the laſt Year. — 
bite Oats of the laſt Year. — — —— 29 8 
The beſt fort of Oats were 2d. in a Buſhel better than theſe.| 
| 5[Blue Peaſe (of the laſt Year,) and much Worm-eaten. — 49 12 
| ©1//Þite Peaſe of the laſt Year but one. — — — 50 8 
| F Barley of the laſt Year: (the beſt fort fell for 1 5. 6 d. | 
a in a Quarter more than this. — — {| * 2 
Malt of the laſt Year's Barley, made two Months before. | 20 4 
Field Beans of the laſt Year but one. — . — ;o $ 
J10Fbeatien Meat (united) — — —— gz 0 
[1] Rye Meal unſifted. —— —— —— —— —— — — — 28 4 
120 Pump Water, =— —— — — —— —4A,— — — 62 9 
13|Bay Salt. EZ — — „„ 
140 White e een — 1 12 
15[ Sand. . — — — — — — — 185 4 
16 Newcaſtle Coal. en eee 67 12 
Pit Coal from Wednesbury 63, but this is very uncertain 1 . 
7 in the filling the Interſtices between the greater peices 8 
18G. . — — — — — — — 109 5 
Wood. DUET EIS CEE Wn ———— — 58 5 


; 


£4 


— — hs. aw. 8 8 3 
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* 


Pump- Water. I 000 
Fir Dry. —— —— .. — — — — 646 
Elm Dry . . —.— — | 600 
Cedar Dry. — — — — — — — 1 613 
Halnut- Tree Dry, — :. — — — — — 631 
Crab-Tree meanly Dry. — — — — — 765 
Aſh meanly Dry, and of the Out- ſide lax part of the Tree. —| 734 
Aſp more Dry, about the Heart 845 
Maple Dry. — — — — — — 735 
Zet of a Knot or Root 16 Years Old. —— — — — 760 
Beech meanly Dry. — —— en $854 
[Oat very Dry almoſt W er — — — —— 753 
Oak of the Out- lide ſappy Part, Fell'd a Year lince, — — 870 
Oat Dry; but of a very ſound cloſe Texture. — — 929 
The Same tried another Time. — — — — — 932 
I Logwood. — — — ä —— — 973 
—:rꝛ — — ([ — — 993 
Moil Cyder, not Clear, — . —— — — — — | 1017 
|Sea-Water ſettled Clear, — —— — —— —— —— —| 1028 
| College Plain Ale the ſame. — —— —— —— — — — 1028 
Urine. — — 1030 
Milk. — — nn . — 10531 
Box the ſame. —— —— —— — ! — — [1037 
Redwood the ſame. e , e e 
Sack. x — L—.7 : —. — ——— —-„—t̃ —ũV 1033 
Beer Vinegar. —... —„—᷑ä K__DO_ 0 
I. — —ʃ —— — —uc ——— — 1130 
Pit-Coal of Staffordſhire. — — — — — | 1240 
Speckled Wood of Virginia. — —— — — — 1313 
Lignum Vile, . f⁊ĩßé5x—·LeꝛRUõ' H — — — — | 1327 
Stone Bottle. - — — OO nn TO On EE 
ITuory. - ——— _— — — — 1826 
Alabaſter, — —— —— — — — — — 1872 
Brick. — — 5 _—— ww ͤ 
Heddington Stone, the Soft Lax kind. —— —— —— —— — 202 9 
| Burford Stone, an old Dry Piece. —=— — —̃qT —— —— ——| 2049 
Pavirg Stone, a hard Sort from about Blaidon. — — —| 2460 
Flint. —— ͤ —!., — K 
Glaſs of a Quart Bottle. — —— —— i ĩr]7,: —| 2666 
| Black Italian Marble. e —— CY ͤ C64 
White Italian Marble tried twice —— — — —— -— -—| 270% 
White Italian Marble of another ſort, of a viſibly Cloſer Texture. 2718 
Block Tin. — — — — . 
Copper. „„ Pc A ͤ ( 
— ——ů — —2—x— 11345 
Hick Silver, — —— .ͤ —— —2ʃ4g̈³ꝓ¹.c!—¾ — — — 14019 
1 — . TE 
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Safſafras Wood. — . —— — — — — — 482 
Funiper Wood (Dry.) — — — — — — — —| 556 

] Plum-Tree (Dry) —— —— — — — — —1 663 
ff ͤ v 849 
Santalum Citrinum — — — — — — — — — —| 809 
Santalum Album, — — — — — — — — — ] 1041 
Santalum Rubrum, — — — — — — — — — — 1128 
Ebony, — — — — — — — — — — — —| 1177 
| Lignum Rhodium, — — — — — — — — — -—| 1125 
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The laſt Experiment was tried with another thy of Ouick-Silver. 
which had been uſed in Water in the preceding Experiment: However, I 


rather truſt the laſt, for that I found a ſmall miſtake (tho here in the Calcu- 


lation allow'd for) in the W of the Glaſs containing the Quick-Silver, in 
the Trial before. 


The Solids here mentioned, were examined Hydroſtatically by weighing 
them in Air and Water; but the Fluids, by weighing an equal Portion of. 


each in a Glaſs holding about a Quart, The Numbers ſhew the Proportion 
of Gravity of equal Portions of theſe Bodies: But if of theſe Bodies we 
take Portions equally heavy, their Magnitudes will be reciprocally proportio- 
nal to their correſpondent Numbers: e. g. a Cubic Foot of Water is to a 
Cubic Foot of Alabaſter in Gravity as 1000 to 1872; but a Pound Weight 


of Water, is toa pound Weight of Alabaſter in Magnitude, as, 1872 to 1000. 


So that, knowing by the former Table, the Weight of a Cubic Foot of 
Water, and by this Proportion in Gravity betwixt Water and Alabaſter, we 
may by the Rule of Three find the eight of a Cubic Foot of Alabaſter, and 


ſo of any other of theſe Bodies; or we may know their Magnitude by know-_ 


ing their Gravity. So that, an irregular piece or quantity of theſe Bo- 
dies being offered, *tis but weighing them „and we may Know their juſt Mag- 


nitude without farther trouble. 


Pump-Water. 
Cork, — 


Lignum Ajphaltum. 


8 1179 
les. — — — — — — 1177 
Succinum Pellucidum.— . — — — — 106g 
Succinum Pingue — — — — — — — 11087 
7et..— — — — — — — — -—| 1238 
| The Top part of a Rhinoceros Horn. — — — 1242 
The Top part of an Ox Horn, — — — — — 1840 
The (Blade) Bone of an oh — — — 165661 
An Human Calculus, —— — — — — — [1240 
Another Calculus Humanus, —— — — — ———| 1433 
Another Calculus —— — —— — — — -—| 1664 
| Brimſtone, ſuch as commonly fold. —— —— — ——— 181 
Borax. — — — — — —1 1720 
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A Spotted Fattitionus Marble, ——— — — 1822 j 
A Galley- P Of. 3 — — 3 ] 92 5 | 
| Oy/ter Shell. — 2 . 3 — 2092 ö 
Murex Shell, —— — — — — — 2590 | 
Lapis Manali. — — — — — 2270 | 
Selenilis. — „ — — f 
Wood Petrified in Lough * — — — — 2341 | 
| Onyx Stone. — — — — 2518 | 
Turcois-Stone, —— a JV | 
Engliſh Ast. — — N SS — 25 121 \ 
Grammatias Lapis, —— — — — —| 2515 
A Cornelian. — U — — 2568 | 
Corallachates. — — — 2605 
[Talo. — — — a dia 2657 | 
| Coral. RO pen nas — 2689 i 
Fhacinth (Spurious.) — — — — 28631 | 
Jaſper (Spurious.) - — 3 — 2606 k 
[A Pellucid Pebble. — — 5 — — 2041 | | 
Rock Cryſtal. — — 3 — 2659 | 
Cryſtallum Diſdiaclaſticum. — — — — 2704. | 
A Red Paſte. — — — — 2842 | 
Lapis Nephruicus. — "7 enipvomil -| 2894 [ 
| Lapis Amiantus from Wales, —— — — — 2913 , 
| Lapis Lazuli. — 5 SITE — 3054 i 
An Hone. — — — — 3288 h 
Sardachutes. — — — — 3598 | 
A Granat. e 5 NNN e —| 3978 | 
A Golden Marcaſite. ——- — — — 4589 | 
A Blue Slate with ſhining Particles. — — — — 00 | 
A Mineral Stone, yielding x part in 160 Mal. — — 2650 þ 
The Metal chan extracted. —ů — — 8500 
The (reputed) Silver Ore of Male. — — — 7464 { 
The Meta! thence extracted. — — — — 1087 | 
Biſmuth, =—— — — — — — 9859 | 
Spelter. Co — — 8 7065 
| | Spelter Solder. — — Hl — | $36: 
Iron of a Key. —= — — — — — 76431 j 
Steel. . 8 — e — 78 52 þ 
Caſt Brafi —— — — — —— | 8100]. i 
Wrought Braſs. — — — — —1 8280 | 
Hammer'd Braſs. — — - mms 2 $349 [ 
A Falſe Guinea. — — — —| 9075 i 
A True Guinea. — — — — 118888 | 
Sterling Silver, — — — — — 10335 
1 A hg Halt Crown. — — — N 9468 
* 
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| Eloftrum a Britiſh Coin. — — — m—20 1 
A Gold Coin of Barbary, —— — — — 7545 
A Gold Medal from Morocco. — —— — 18420 
A Mentz Gold Ducat.— — — — 18261 
A Gold Coin of Mexander's. — — — — 18893 
A Gold Medal of Queen Mary's. —— —— — ũ7v—ä— 19100 
A Gold Medal of Queen Elizabeth's.— — — 191 25 
Ja Medal eſteem'd to be near Fine Gold, —— — — 10636 5 


—— 


VI. M. Homberg has given us the following Table of the Various Weight: 


The Different 3 5 
of ſome more uſual Liquors in the Coldeſt Time, and in the Holleſt. 


Neight of ſeve- 
ral 


nnn ET callous 


28 | 
A. Homberg, In Summer. In Winter 
A 1. ä V ON eee er OR Mg Tour” i rn TR OR | 
LES 3 8 . gr. 
Mar. An. 1500. The Aeromeler full of Mercury. [3- © 81-0 421 
[Oil of Tartar. | 11 423 $3 220 
„irit of Urine. J 
Oil of Vitriol. $4 3 2914 & 6 
Spirit of Nitre. d 1- +. 30 
Spirit of Salt, 17 V 200171 0-47 
Aqua Fortis. 3 5 5 JZ OL Þ 
Vinegar. | FC 
Spirit of Wine. FFF 
River Water. J 4 
Diſtilled Water. n $800 9 a6 
This Empty Acrometer Weighs. | | 43 a8 


Experiments a- 


bout the Super- 


ficial Figures of ſe 


Fluids, eſpeci- 
ally Liquors 
Contiguous to 
other Liquors, 


and their Refle- Wine, 


tive Porvers; 
by Mr. Boy le. 


n. 131. P. 775. 


58 its Having poured A ſtronely Alcalizat Menſtruum (I uſed that made 
of Fix*d Nitre, diflolved by the moiſture of a Cellar) into a Pipe of Glaſs, 


aled at one end, and not full a quarter of an Inch in Bore; that the Ca- 


vity, which in a greater depth would ſeem leſs deep, might be the more 
conſpicuous : We gently poured on it ſome highly Dephlegm'd Spirit of 


which we knew would not mix with it, but ſwim above it, and pre- 


ently, as we had gueſs'd, we found the Figure of the Surface of the lower 
Liquor changed, and the Cavity quite deſtroyed ; the Surface that ſeemed, 
Jan. An. 1676. 15 it were, common to the two Contiguous Liquors, appearing flat or Hori- 


zontal. 
together in a much wider Glaſs. 


2. We found alſo, that by Employing Oy! of Turpentine, inſtead of the 


And ſuch a level Superficies we had 


Shirit of Wine, the Liquor did almoſt totally loſe its Cavity. 


by putting theſe two Liquor 


But 


63527) 

3. But, if, inſtead of deliguated Tariar, we put common Water into the 
Pipe, we found this Liquor to retain its Concave Surface, tho we put to 
it ſome Oil of Turpentine, and left it to reſt upon the Water a good while. 

4. Having provided ſome pure Oil of the Gum of Graiacum, and poured a 
little of it into a ſlender Pipe, we found the upper Superficies of it to be 
Concave, almoſt, if not altogether, like that which Water would have had in 
the ſame Pipe. But, when I put a little Water upon this Oil, it preſently 


changed the Figure of its Surface, which became viſibly, tho not very 


much, Protuberant or Convex. | | 
5. Having put ſome Oil of Tartar into the ſlender Pipe, and put ſome 

Drops of the Oil of Guaiacum to it, we found, that this Liquor did not ma- 
nifeſtly alter the Concave Figure of the Surface of the Liquor Alcali, as the 
Oil of Turpentine had done: And, having for Curioſity's fake warily poured 
a little Water upon the Oil of Guaiacum, I found, as I had reaſon to ſuſpect, 
that the upper Superficies of it changed preſently from a Concave Figure to 
a Convex; ſo that this Oil in the midſt of the other two Liquors appeared 


like a little red Cylinder; which, inſtead of having circular Baſes, was pro- 


tuberant at both ends; but more at that which touched the Oil of Tartar, 
6. I put ſome &/ſentia! Oil (as Chymiſts call it) of Cloves into a new lender 


Pipe, and, having obſerved it to beſomewhat Concave at the Top, where it 


was Contiguous to the Air, we cauſed a little common Water (perhaps a 
quarter of a Spoontul or leſs) to be put to it, and found, as we expected, the 
Surface of this Oil alſo to be tumid. And in regard this Liquor, as well as 


the forementioned Oil of Guaiacum, tho it were fo heavy as to ſink into 


Water, would not do ſo in Dzliquated Salt of Tartar, we did, into another 


ſlender Pipe, put firſt ſome of this laſt named Liquor, then ſome of the Ar. 


matic Oil, and laſtly, a little common Water ; by which means we found, 
that the little Cylinder of Oil, did, like that of the Oi! of Gnaiacinm, appear 
Convex at both ends, but was unlike it in one Circumſtance, that the O. 
of Cloves appear'd more Convex at the upper end where *twas Contiguous 


to the Water, than at tne lower, that leaned upon the Surface of the Oi of 


Tartar. | 

J. Having taken a little ſlender Glaſs, that was much longer, but of the 
like Bore with the former, we put into it a ſmall quantity of Onick-Sitver ; 

and having taken notice how the upper Superficies ſwelled in the middle 

above the Level of the Parts where it touched the Glaſs, we poured ſome 

Water upon it, and found a manifeſt and conſiderable Depreſſion of the 

| Surface, tho the Protuberance were not quite ſuppreſſed, 5 

8. This Phenomenon, having been for greater ſecurity ſeveral times repeat- 


ed, ſometimes it ſeem'd, that when the Aqueous Cylinder was much longer, 


the Depreſſion of the Mercurial Sur face was ſomewhat greater. But this did 
not ſo conſtantly happen; but we often obſerved, that, tho a very little 

Water ſufficed by its Contact to make, in the Judgment of the Eye, a mani- 

feſt Abatement of the Protuberance of the Q.nct-Suver ; yet it had not the 
ſame effect on that ponderous Fluid, that it had, when being increaſed almoſt 

as high as the length of the Pipe would permit, a greater Weight of it was 
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incumbent on the Mercury, for then I manifeſtly perceived, and ſhewed to 
others, that the Surface of the Quick-Silver being depreſſed almoſt to a Le- 

vel in thoſe Parts of it that were near the Inſide of the Glaſs, there was abour 
the Middle of the Surface an Elevation of Mercurial Matter, that appeared 
to be rather more than a half Globe, and was, to the Height of its full Semi- 
diameter, -raiſed above the reſt of the Mercurial Surface, and in that State it 
continued, as long as I thought fit to let it do ſo. And, leſt this Trial 
ſhould impoſe upon me, I cauſed it to be more than once repeated; and, 
the better to confirm it, I afterwards cauſed the incumbent Mater to be lit- 
tle by little ſuck*d up, and found as I expected, that, when the incumbent _ 
Water began tobe too much ſhorten'd, the little Teat or Segment of aSphere, 

lately mentioned, began to be ſomewhat flatned, and ſubſided more and 
more as the Mater was further taken off. | 

9. Having conveyed into one of our Pxeumatical Receivers, a Couple of 
ſuch ſlender Pipes as have been already deſcribed, one of them furniſh'd 
with Common Water, and the other with Quich-Silver, we cauſed the Common 
Air to be diligently pump'd out, without obſerving any ſenſible Change in 

the Concave Figure of the Water: But as for the Quick. Silver, I knew not 
what to conclude about it. For, having repeated the Trial twice or thrice, 
the Mercury ſometimes ſeem'd manifeſtly to ſwell, to be more protuberant up- 
on the Fxhauſtion of the Receiver, than when it was put in, eſpecially when 
Its Figure was attentively viewed, and the external Air, that was pump'd 
out but ſlowly, was ſuffer'd to re-enter with all convenient Celerity. But 
that which yet kept me doubtſul was, that I obſerved, That, upon the di- 
ligent withdrawing of the Air's Preſſure upon the Quicꝶ-Silver, there diſcloſed 
themſelves ſome little Bubbles, which, I fear'd, we had not been able to free 
it altogether from, and which might be ſuſpected to have ſome Intereſt in 
the Phenomenon, We alſo convey'd into our Receiver, a clear Chymical Oil 
that was heavier than Water, and, whilſt it was contiguous to it, had not a 
| Concave but a Convex Surface, and, having placed the Pipe furniſh'd with 

both Liquors in the Pneumatical Receiver, we pump'd out the Air, without 
finding that the Oil ſenſibly altered its protuberant Surface, as neither did the 
Water loſe the concave Figure of its upper Surface. 

10. I took Fix'd Nitre, (or which is Analogous to it, Salt of Tartar) re- 
ſolved per Deliquium into a Tranſparent Liquor, and having filled a clear Viol 
half full with this, I poured on it a convenient Quantity of Vinous Spirit exactly 
Nedctiſied, that there might be no Phlegm to occaſion an Union betwixt 
the two Liquors, which ought, as ours did, to retain Diſtinct Surfaces, and 
ſpeedily regain them, though the Glaſs were well ſhaken. Then, having found 
by a Trial formerly mentioned, that Common Oil of Turpentine, if employ'd 
in a competent Quantity, will not totally (and much leſs will readily) diſ- 
ſolve in Spirit of Wine, and alſo having obſerved (what may ſeem ſomewhat 
ſtrange) that if this Spir77 of Wine be exquiſitely dephlegm'd, the Oil, tho 
a Chymical One, will not ſwim on it, but ſink in it; I warily let fall ſome 

drops of Oil into the Spirit, and had the pleaſure to fee, as I expected, 
that they fell towards the bottom of the Glaſs, till their Deſcent was ſtop'd by 


the 


. 
the Horizontal (for it was not Concave) Surface of the Alcaliza! Liquor of 
ivd Nitre, And, becauſe my deſign was chiefly to obſerve the ſuperficial 


Figure ofa Fluid encompaſſed by other Fluids without touching any ſolid 
Body, I ſhall here take notice of the chief Phenomena that were produced 


of that kind, without ſtaying to enquire into the Cauſes or the Conſequences _ 


of them, 
I. If the Oily Drops were but ſmall, they ſeem'd to the Eye exactly enough 


Spherical, For, the Oil differing but very little in the fpecifict Gravity from 


the Spirit of Wine, the Drops did but juſt touch the Surface of the ſubjacent 


Acali; and, the ſame Drops being but ſmall, their own Weight was not 
great enough viſibly to depreſs them, and hinder that Roundneis which the 


Preſſure of the Ambient Spirit, or their own Viſcoſity, endeavoured to give 


them. ; 3 
2. If an Aggregate of Drops were conſiderably bigger than thoſe newly 


mentioned, as if it had about a third part of an Inch in Diameter, it would 


then manifeſtly lean upon the Alcalizat Liquor as upon a Floor, and appear 


ſomewhat Elliptical, (for ſome little part of the bottom was a Plane ;) the 
Weight of the upper parts depreſſing the Drops, and making the horizontal 
Diameter ſomewhat longer than the Tranſverſe. | 5 

3. If a yet greater Portion of Oil were let fall upon the heavy Liquor, it 
would for a pretty while appear in the Form of a ſomewhat imperfect Hemi- 
| ſphere, or ſome other large Section of a Sphere, the lower part being cut off; 
(as if a Globe were divided by a Plane) by the horizontal Surface of the 


deliquated Salt. | 


4. But if the Quantity of Oil were not too great, twas pretty to obſerve, 


that, tho at firſt putting in, it did perhaps ſpread itſelf over the ſubjacent Li- 
quor, and lie as it were flat upon it; yet, by little and little, (for *twas but 
ſſowly) it would by the Action of the ambient, concurring with it's own Te- 
nacity, be raiſed above the Surface of the Fluid Nitre, and be reduced to the 
Figure, either of half a Globe, or of a greater Segment of a Globe, or even 
of an Imperfect Ellipſis, according to the Bulk or Weight of the Oil. 

5. Tho theſe Globules, or Portions of Oil, did oftentimes readily mingle, 
when they touched one another, yet divers times alſo we obſerved, thar, 
having warily approach'd them, we were able to make them touch without 
mingling, inſomuch that we have with pleaſure made them fo far bear againſt 
one another's Surfaces, as manifeſtly to preſs them inwards, tho being part- 
ed they would preſently reſume their former Figure. But, in caſe any of 
theſe Oily Portions came by a more preſſing Contact to be united, they would 
then alter the Figures they had whilſt ſeparate, and take another ſuitable to 


_ the Bulk of the Aggregate. 


6. When a large Portion of Oil reſted upon the Saline Liquors, if then the 
ambient Spirit was moderately and warily agitated, *twas not unpleaſant to 
obſerve the various Figurations, which the Convex and Protuberant part of the 
mutilated Globe would be put into by the Shakes, without any viſible Solu- 
tion of Continuity, or conſiderable Motion of the whole Body, which would 
very quickly recover its former Figure. Tho, if the Agitation were too 

'Vor.J. er ſtrong, 
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ſtrong, ſome Portions would be quite broken off, and preſently turned into 
little Globes. | | 

11. I tried to produce another Phenomenon, that would not have been un- 

pleaſant, by putting together in a ſomewhat large Veſſel, with other Li uors, 
two Oils, (wherecf one, if I miſtake not, was from Turpentine) which firſt b 
reaſon of the Oleaginous Nature wherein they agreed, might exactly mingle 
and make a compounded Liquor; and then, by reaſon of their being one 
heavier, and the other lighter in Specte than Water, might by this Liquor 
be again ſeparated, and include betwixt them the Liquor that had divided 
them. But I found that the Oils being once united would not be eaſily par- 
ted, but according to the Prevalency of the lighter or heavier Ingredient, 
in the mixture, the compounded Oil, would almolt totally either emerge to 
the top of the Water, or lie beneath at the bottom of it; I ſay, almoſt total- 
ly, becauſe ſome Part of the Oil, which was not perhaps all uniformly mix'd, 
did not keep in a Body with the reſt 3 but either was ſeparated from the Maſs 
in the form of Globules, or elſe ſticking to the Side of the Glaſs, had the 
other Part of its Superficies, which was contiguous to the Water, ver 
Variouſly Figured, according as the bulk and degree of Gravity of the ad- 
hereing Oil, and other Circumſtances happen'd to determine. 
Theſe are ſome of thePLeznomena I obſerved in Oil of Turpentine, when 
*twas invironed only with Fluids; but, if it were permitted to be contiguous. 
to the Inſide of the Glaſs, and ſo to faſten part of its Surface to a Solid, 
the greater part of the Surface, which remained expoſed to one or both of 
the contiguous Liquors, would partly by their Action, and partly by the 
Gravity of the Oil itſelf, be put into Figures ſo Various and ſometimes ſo Ex- 
travagant, that *twas much more pleaſant to behold them, than it would be 
eaſy to deſcribe them. ts | 

12, Confining Fluids may have diſtin& Surfaces, without having, at leaſt 
in many Poſitions, Refractions differing enough, or Reflections ſtrongenough, 
to make the Plane that diſterminates them, obvious to the Eye. Thus, when 
the Oil of Tartar, or Nitrous Alcali, that I employed, happen'd to be very 
clear and colourleſs, I have more than once made highly Re#ified Spirit of 
Wine float upon it ſo, that in moſt Poſitions the Vial ſeem'd to have in it 
but one uniform Liquor; the Plane that divided the two Fluids being unapt 
to be diſcerned, but in a Poſition, wherein the Rays of Light paſſing thence 
to the Eye, fell very obliquely on it; and indeed, when there was no little 
Duſt or other Feculency, ſwimming upon the Surface of the Oil of Tartar, 
I had fometimes much ado to convince ordinary Spectators, that the Vial, 
in two diſtin&t Regions of it, contained two Un/ociable Liquors, | 

13. We took a Deliquated Alcali, made of Nitre and Tartar, and deeply 
tinged with Cochizee!; and, that the Liquors might not only be heteroge- 

neous, but as differing in Gravity and Denſity, as we could make them, we 
poured on it a peculiar kind of Oil lighter than Spirit of Mine, and holding 
the Plane where the two Liquors were contiguous in a eonvenient Poſition, 

in reſpect of the Light and the Eye, I obſerved it to make a ſtrangely vivid 
Reflection of the incident Beams of Light: So that this Phyſical Surface which 


Was 


1 
was flat, look*d almoſt, for *twas not ſo Secular, like that of Quick-Silver ; 
and, when I kept it till Night, and conſidered it by the Light of a Candle, 
the bright Figure of the Flame was ſtrongly reflected almoſt as from a clofe 
ſpecular Body; which tempted me to ſuſpect, that there might be ſomething 
elſe than the bare Smoothneſs of the Surface of the Alcalizat Liquor to produce 
ſo brisk a Reflection; and the rather, becauſe I did not obſerve, that the Re- 
mains of the ſame Tinged Alcali, which I kept in another Glaſs, nor a Por- 
tion of the ſame Oil, which I had allo by me in a ſeparate Vial, dideither a 
them afford ſo vivid a Reflection from its Surface; tho I did the leſs wonder 
at this, becauſe of the great Diſpoſition to reflef? Light, which I had for- 
merly the Curiofity to obſerve in the foremention'd Oi, when I joined it 
with other Liquors. I ſhall add, that looking on this Liquor, as a Body 
which tho it have all the neceſſary Qualities of an Oil, does in regard of 

its Origin, and ſome Properties I have found in it, differ from common C- 
 mical Oils; J was invited the more to obſerve its Phznomena in reference to 
Reflection; and J found among other Things (not pertinent to this Place,) 

Hirſt that the confining Plane often mentioned between the tinged Alcali, 
and this Liquor, did not appear Red itſelf, nor communicate that Colour to 
the Image of the Flame of a Candle reflected from it. Secondly, That when 
I warily ſhook the Vial, which contained the two Liquors, the uppermoſt 
would be reduced into a ſeeming Froth, conſiſting of a great number of im- 
perfectly Globular Bodies, which after a while would make a kind of a 
rude Phyfical Plane; which, tho neither very Horizontal, nor ſenſibly 
Smooth, would at its upper Superficies, fend back the inc:dent Light with 
more Briskneſs than one would expect; and, when the ſeemingFroth con- 
ſiſted of ſmaller Particles, theſe, when they were of a certain Size, and con- 
veniently placed, in reference to the Flame of a Candle and the Eye, would 
(as more than one Trial informed me) reflect the incident Light ſo many 
ways, and ſo viſibly, that they ſeemed, for Multitude and Splendor, like little 
ſparkling Corpuſcles of poliſhed Silver ; or almoſt like thoſe Gliſtering ones, 
that appear when a clean Plate of Copper is firſt immerſed into a much allayed 
Solution of good Silver, made in Aqua Fortis. Thirdly, That tho pure 
Spirit of Mine be fo thin a Liquor, and our Oil is nevertheleſs ſo light as to 
ſwim upon it, yet J found the confining Surface very ſtrongly Reflexive, 

I have alſo found, that ſome other £fſential Oils (as Chymiſts call thoſe 
that are diſtilled with Water in Limbecks) and particularly an Unſophiſticated 
Oil of Lemons, did with our tinged Alcali afford moſt of the fame Phænome- 
na; but not ſo brisk a Keflection: I ſay molt, chiefly becauſe with Spirit of 
Wine, their Sublile Oils, as I formerly noted, will readily be confounded, 
tho our Anomalous Oi! be unſociable with it. 


14. In Cold Weather we took E/ential Oil of Auniſceds, whoſe Property it” 132. f. 79% 


is to Coagulate in ſuch Weather, and, having in a gentle Warmth brought it 
to be fluid, we poured it into a ſlender Vial more than half filled with Com- 
mon Mater; that had been alſo a little warmed, that the Oi might not be too 
haſtily reduced to its former State. This Oil being lighter than ſo much 
Water, aid being poured on in a convenient Quantity, had its upper Surface 

| . Y.Y-2 ſome- 
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ſomewhat Concave, as that of the Water was; but the lower Surface, ſur- 
rounded by the Water was very Convex, appearing almoſt (for it was not 
perfectly) of the Figure of a great Portion of a Sphere. This being done, 
the Vial was ſtopt, and ſuffered to reſt for ſome time in a cold Place, b 
which means the Water continuing Fluid as before, the Oil of Anniſeeds was, 
as I expected, found coagulated, in a Form approaching to that it had whilſt 
in a Fluid State; I ſay approaching, becauſe it was not eaſy to diſcern the 
exact Figure in the Vial I was fain to make uſe of: And I ſuſpected that the 
Oil grown conſiſtent was become leſs Convex than before. But *rwas worth 
obſerving, how great a Difference there was between the dull Reflection it 
made when it was coagulated, and the fine Reflection it had made whilſt *twas 
a Liquor. The latter of which Reflections brought into my mind, how vivid 
the refleftive Power of ſome Fluids is in compariſon of that of the Generality 
of Solid Bodies. LT” 

15. Having obſerved, That 2vick-Silver, and rectified Oleum Petræ, are, 
the Farmer of them the Heavieſt, and the Latter the Lighteſt, of all the Vi- 
ſible Fluids that are yet known to me; I put ſome (Diſtill'd ) Quick-Sitver into 

a ſmall Vial, and held it in ſuch a poſture, that the incident Light was ſtrong- 
ly[remitted to my Eye: I then ſlowly put to it ſome Petroleum, that being 
well rectified was very clear, and obſerved, that, as this Liquor covered the 

Quick-Silver, there was at the imaginary Plane, where they both confined, 
a brisker Reflection than the 2yick-Silver alone had given before. On this oc- 
caſion it will not be amiſs to take notice, that either the Surface of the Air 

itſelf, as thin and yielding a Fluid as it is, or the Surface of a Solid conti- 
guous. to included Air, or ſome interpoſed Subtile Malter, may reflect the in- 
cident Beams of Light more ſtrongly than moſt Men would expect. To this 
purpoſe, I remember, that a curious Perſon having one Day brought me a 
couple of Rarities, which he told me were two peices of a Solid, but tran- 
ſparent Body, that he had caſually found; in one of which there was a 

Pearl, Large, Round, and Orient, and in the other a leſs perfect One: 
One of them was opened, and that which had appeared a Pear! was found to 
be but a Cavity, that contained no groſſer Subſtance than Air. And I have 
by me a well ſhap'd piece of Glaſs of a good Thickneſs, with an Aereal 
Bubble in the middle, which by ſome Qualities particularly its Peart-like 
Shape and vivid Reflection, does not ill reſemble a fair, tho not orient Pearl. 
But in ſachlike Obſervations, the Poſition of the Eye, and that wherein 
the Body receives the Beams of Light, may be very conſiderable. For I have 

by me a Small Stone (with which I have puzzled a skilful Jeweller to deter- 
mine what kind of Gem it was) that being laid flat upon ones Hand, or a 
piece of Paper, and look'd on directly downwards, looks almoſt like a peice 
. . of common Glaſs, and is tranſparent : But, if the Eye be fo placed, that 

the incident Beams of Light, by whoſe Reflection it's ſeen, fall with a conveni- 
ent Degree of Obliquity upon the Stone, it makes an exceeding pretty ſhew,, 


ſometimes appearing like a fine Qpa/, and ſometimes not very unlike an. o- 
rient Pearl. 


16. We 
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16, We made a competent Quantity of a Re/inous or Gummons Subſtance, 
that looked like high-coloured Amber, but was eaſy to melt, This we put 
into a deep round Glaſs with a wide Mouth, and held it by the Fire-fide in 
a moderate Warmth, till it was brought into a fluid State; then we tranſ— 
ferr*d it into one of our Pnenmatical Receivers, where we preſumed, that this 
temporary Liquor, would, as well as Liquors that are conſtantly ſuch, diſ- 


cloſe Aereal Bubbles, when the Preſſure of the Air was withdiavn from it; 
and accordingly having cauſed the Air to be pumped out by degrees, we 


found, that ſtore of Bubbles appeared at the Top of the Liquor, and made 
there a copious Froth, many of them being by reaſon of the Viſcoſity of the 
Fluid, very large, and divers of them, becauſe of the Nature and Texture of 
it, and the Thinneſs of the Films, being adorned with the Colours of the Rain- 


bow, whoſe Vividneſs made them pleaſant to behold, and ſuggeſted to us 
| ſome optical Conſiderations. But, notwithſtanding this Froth, I cauſed the 


: Pumping to be continued, that thoſe Bubbles that had moſt of common Air 


in them, and which therefore are wont to riſe firſt, might get to the Top, 


and the ſubſequent Bubbles might meet with more Refiſtance from the Liquor 
ſtill tending to grow cold, and ſo might be the more expanded, and yet 


kept from emerging by the Concretion of the reſinous Subſtance ; and an- 


ſwerable to this we found, That, when this Subſtance had reſumed its conſiſtent 
Form, there were intercepted, between the upper and the lower Surfaces of it, 


ſome Bubbles that were not ſmall, which yet had a conſiderable Refle71on, 


notwithſtanding the ſmall Quantity of the groſſer Particles of the Air, that 
may be ſuppoſed to be contained in Bubbles fo very much expanded. 

17. *Tis taken for granted, That the falling Drops of Rain are Spherical, 
yet their Deſcent is ſo ſwift, that I fear 'tis rather ſuppoſed than obſerved that 
their Figure is Spherical; which will be the more queſtionable, if it be true, 
which is vulgarly thought, That Hail is but Rain Frozen in its Paſſage thro? 
the Air. For tis evident, That the Grains of Hail are frequently of other Fi- 
gures than truly Orbicular. But the Surface of Maler may have differing 
Figures, according as *tis totally encompaſs'd with heterogeneous Fluids, or 
as tis only in ſome places contiguous to one or more of them. In the for- 


mer caſe we found it not ſo eaſy to make an Obſervation, becauſe, we know 


not of any two Liquors (ſetting Mercury aſide) that will not mingle either 
with one another, or with Water. We therefore cautiouſly convey'd into 
fome chymical Oil of Cloves ſome Portions of common Water of differing Big- 
neſſes, taking care, as far as we could, that they might not touch one ano- 
ther; by which means the Oil being tranſparent, and yet ſomewhar coloured, 
etwas eaſy to obſerve, that the ſmaller Portions of Waler were fo near totally 
invironed with the Oil, that they were reduced into almoſt perfect Globes; 
Thoſe Portions,that were ſomewhat bigger (as about twice the Bigneſs of a 
Pea,) would be ofa Figure ſomewhat approaching to that of an Ellipſis (for 


1EW! { | 
*rwas not the ſame) and thoſe Portions that were yet ſomewhar larger, tho 


they ſeemed to be ſunk almoſt totally beneath the O; yet, they held ro ft by 
a ſmall Portion of themſelves, whoſe Surface was eaſily enough diſtinguiſh- 


able from that cf the Oil. Theſe larger Portions of immerjed Water being, 


altnoit. 
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almoſt wholly inviron'd with the other Liquor, were by it reduced into a 
round Figure, which was ordinarily ſomewhat Elliptical, but more depreſ- 
ſed in the Middle than that Figure requires. 

18. Having into a ſlender Pipe, of that fort that has been deſcribed be. 
fore, put a little Oil of Cloves, and upon this ſome Oil of Turpentine, that fo 
the Mater might both above and beneath be touched by Heterogeneous Li- 
quors, I obſerved not the Oil of Cloves to be very manifeſtly Tumid at the 
top, nor the lower Surface of the Oi of Turpentize (for the upper was Con- 
cave) to be very Convex: For ſomewhat Convex it was downwards. And, 


from this *twill be eaſy to conclude the Figure of the Cylindrical Portion 
of Water intercepted between theſe two Oils. 


19. I took Oil of Anniſeeds, thaw'd by a gentle Warmth, and Common Ma- 
ter, and, having put them together in a convenient ſhap'd Glaſs, they were 
ſuffered to ſtand in a cold Place, till the Oil was coagulated; which done, it 
was parted from the Maler, and by the Roughneſs of its Superficies mani- 
felted, as I expected, that, when its Parts were no longer agitated and kept 
ealily Ditplaceable, by the ſubtile permeating Matter, or whatever other 
Agent or Cauſe it were to which it owed its Fluidity, when the contiguous 
Water grew unable to infle&t, or otherwiſe place them after the manner re- 
quiſite to conſtitute a /mooth Surface. And, what happen'd to that part of 
the Oil's Surface that was touched by the Water, happen'd alſo to that which 
was contiguous to the Air, ſave that the Aſpcrity of the laſt named Surface 
was differing from the other, which, whether 1t were an accidental or con- 
{tant Ph@nomenon, farther Trial muſt determine. But J have often obſerv'd, 
that the upper Surface of Oil of Anniſeeds, when this Liquor comes to be 
Coagulated by the cold Air, was far enough from being Smooth, being 
variouſly aſperated by many flaky Particles, ſome of which lay with their 
broad, and others with their edged Parts upwards. 


Wo 


20. An Inequality and Ruggedneſs of Superficies I have alſo obſerved in 
Water, when, having covered it with chymical Oil of Funiper, and expoſed it 
in very cold Weather, tho the Oil continued Fluid, yet the Yater bein 
Frozen had no longer a ſnootb Superficies, as whilſt in its Liquid State *twas 
contiguous to the O. And the like Inequality, and rather a greater, we 
obſerved in the Surface of Mater Frozen, which had chymical Oil of Turpentine - 
ſwimming over it, yet a no leſs, if not a much greater, Roughneſs may be 
oftentimes obſerved in the Surfaces of divers Liquors that abound with Va- 
ter, when, thoſe Liquors being Frozen, their Surfaces have an immediate 
Contact with the Air. I ſhall here add, that, having purpoſely cauſed a 
Strong and Blood-red Decoction of the Soot of Wood to be expoſed in a 
large Glaſs in a very cold Night, I was more pleaſed than ſurprized, to find 
in the Morning a Cake of Ice, that was curiouſly Figured, being full of large 
flakes ſhap'd almoſt like the broad Blades of Daggers, but neatly fringed at 
the Edges. But that which I chiefly mention theſe Figures for, is, that they 
ſeem to be as it were Imboſt, being both to the Eye and the Touch raiſ- 
ed above the horizontal Plane or Level of the other Ice. | 
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21, I have ſometimes obſerved the like Phænomenon in one and the ſame 
Liquor, and particularly not long ſince in froſty Weather, on a Vial where 
I had long kept Oil of Velriol, J perceived that the Cold had reduced far the 
greateſt part of the Menſtruum into a conſiſtent Maſs, whoſe upper Surface 
was very rugged and oddly figur*d, tho it lay covered all over with a pretty 
deal of high-coloured Liquor, that was not frozen or coagulated, nor 
ſeem'd to be diſpoſed to be ſo, at leaſt, in that degree of Cold. 
22, This may be alſo obſerv'd in the beſt fort of what the Chymiſts call 
Regulus Martis Stellatus, where the Figure of a Star, or a Figure ſomewhat 
like that of the Decoction of the Soot lately mentioned, will frequently appear 
imboſt upon the upper Superficies of the Regulus; and ſuch a raiſed Figure 
I have ſeen on a Maſs of Regulus made of Aulimony without Mars. But, if to 
thoſe two Bodies Copper be alſo skilfully added, the Superficies will be often- 
times adorned with new Figures according to the Circumſtances; tho the 
molt uſual I took notice of was that of a Net, that ſeemed to cover the Sur- 
face of the compounded Regulus. But this is not ſo conſtant, but that I have 
by me a Maſs of the conical Figure, conſiſting of two very contiguous, buc 
eaſily ſeparable Parts, whereof the lowermoſt, which abounds more in Metal. 
hath its upper Surface covered with round Protuberances, in ſhape and big— 
neſs not unlike to ſmall Peaſe cut in two; and theſe are fo really imboſt and 
elevated above the reſt of the Superficies, that the other part of the Cone, 
which is of a more ſcorious Nature, has in its lower Surface, which exact! 
fits the upper of the Kegulus, Cavities, for Number, Shape and Bigneſs, 
anſwering to the Protuberances lately mentioned; which argues that the 
Regulus cooled firſt with that Inequality of Surface we have deſcribed, and 
that the Lighter and more Recrementitious Subſtance, continuing longer 
Fluid, had thereby Opportunity to accommodate itſelf to the Superficial Fi- 
gure of the Regulus, on which it firſt Jeaned, and afterwards coagulated. 


VIII. 1. My Brother, Mr. The. Molyneux (in the Nouvelles de la Republique nity Bodies Di 
de Letire,) has given this Reaſon for the Phænomenon, viz. That the [ternal Ita Swim 1 
Motion of the Parts of the Liquor does keep up the Particles of the diffolved Feat rr x 
Solid, for they, being ſo very minute, are moveable by the leaſt Force imagina- "gr re ol ; 
ble, and the Action of the Pazticles of the Menſtruum is ſufficient fo drive the 1 
Atomes of the Diſſolved Solid Body from place to place; and conſequently, * 5 
notwithſtanding their Gravity, they do not Sin in the Liquor Lighter thiy 7 W 
themſelves. ; | Sg | 
But I conceive another Account may be given of this Appearance, and that 
the Prime Law of Hydroſ/taticks is a little deficient, *'TFis true indeed, if we 
conſider only the Spectfick Gravity of a Liquor, and the Specifick Gravity of a 
Solid Particle Floating therein, the forementioned Rule is exact; but in Si. 
ing there is requiſite a Separation of the Parts of the Liquor by the S:1king 
Body; and there being a Natural Inclination in the Parts of all Liquors to 
Union, ariſing from an Agreement or Congruily of their Parts, there is a Reſiſ- 
tance therein to any thing that ſeparates this Conjunction: Now, unleſs a Body 
have Weight enough to overcome this Congruity or Union of Parts, tach a 
Body will float in a Liquor Specifically Lighter than itſelf, But that a Heavy 


Body, 
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Body, as Mercury or Iron, may have its Parts reduced to that Minuteneſs 
that their Gravity or 't endency downwards, is not ſtrong enough to Separate 
the Cobeſion or Union of Parts of a Liquor, will be manifeſt, if we conſider, 
that the Reſiſtance made by the Medium to a Falling Body, is according to the 
Superficies of the Body: But, as the Body decreaſes in Bulk, its Super ficies 
does not proportionably Decreaſe; thus a Sphere of an Inch Diameter has 
not eight times leſs Superficies than a Sphere of two Inches Diameter, tho' 


it have eigb times leſs bulk, and conſequently paſſing thro? a Medium, as 


ſuppoſe Air or Water, the Sphere of an Inch Diameter, 1s, proportionably 
to its Bulk, more Reſiſted, than a Sphere of two Inches Diameter in propor- 
tion to its Bulk; and hence it will come to paſs, thatatlaſt a Body may be re- 
duced to that Minuteneſs, that its Gravity Pre//ing downwards (which is 
according to its Bulk) may be leſs than the Re/itance of the Medium, which 
operates on the Surface of the Body; ſeeing, as I ſkid before, the Surfaces 

of Bodies do not decreaſe fo faſt as their Bulks, theſe decreaſing in a Tri- 


| plicate, but thoſe in a Duplicate Ratio of the Bodies Diameters, 


But, becauſe I have ſaid that the forementioned Law of Hydroſtaticts is a 
little defeCtive, I deſire to explain myſelf a little further in that point. In 
Weights Falling thro' the Air, were Gravity only conſidered, the Propor- 
tions of their Deſcents would be exactly as Galileo has demonſtrated ; but it 
is allowed by all, that the Ræſiſtance of the Air, not being conſidered in thoſe 
Demonſtrations, they are not Mathematically True in Practice, but that really 
there is ſomething of that Proportion hindred by the Air's Reſiſtance. Now, 
what is this leſs than to ſay, that the Reſiſtance of the Air takes off ſome of the 
Operation of Gravity, or is able to withſtand or oppoſe part of its Action? 
And if ſo, what ſhall we ſay, were an Iron Sphere let thro' a Medium of 
Water? Surely the Proportions of its Deſcents would be much more di- 
flurbed herein, as Water is much more ſolid and difficult to be ſeparated or 


_ paſſed thro? than Air, and conſequently we muſt needs grant, that more of the 


Operation of Gravity is taken off or reſiſted by this Oppoſition of the Wa- 


ter, than that of the Air. And if ſo, ſurely there may be a certain Degree 


of Gravity, that may be quite taken off by the Ręſiſtance of the Water. Were 


a Piſtol Bullet let fall thro? the Air, it would deſcend imperceptibly nigh 
_ theiProportions that Galileo has aſſigned ; but were a ſingle Grain of Sand fo 


let fall, it would be much hindred in its Courſe, and half of this Grain 
would be more obſtructed ; what ſhall we then ſay of the Ten thouſandth 
part, or of a part of the Ten thouſand Millionth of this, and again of the 
infinite Subdiviſions of that, till at laſt we come to a Part that would be 
wholly reſiſted, or kept up: ſuch as I conceive the.minute Particles of a Body 
diſſolved in a Menſtruum. OM 12 | 

On this Account, tis, I ſay, that the forementioned Principle of Hydroſta- 
ticks is a little defective; for it conſiders not the natural Congruity of the 
Parts of a Liquor, whereby they deſire as *twere to unite and keep toge- 
ther, juſt as we ſee two drops of Water on a dry Board being brought toge- 


ther, do jump and coaleſce, and therefore Liquors have an innate Power of 


reſiſting a certain degree of Force that would /eparate them; ſuch as I ſup- 


1 


poſe the degree of Gravity, in the moſt minute Particles of a Body di 
in a Menſtruum. : 80 

The forementioned Rule holds true to the moſt nice Senſe in great Bodies; 
but in thoſe that are by many Millions of Diviſions ſmaller, it ſeems to 
fail. 

I would not however be thought wholly to reject my Brother*s Solution of 
this Problem: for certainly that Motion (whatſoever it is) in a Menſtruum, 

which is able to diſſolve ſuch a ſolid Body as Iron, that is, which is able to 
diſturb the cloſe and ſtrong Coheſion of the Parts of Iron, may very well 
be ſuppoſed ſufficient to diſturb or keep up theſe Parts from reſting in the 
Bottom of the Veſlel, wherin the Solution was made; and certainly no bet- 
ter Account can poſſibly be given of ſuch Solutions, than by ſuppoſing ſuch 
an internal Motion in the parts of the Menſtruum inſinuating themſelves into 
the ſolid Body, and looſening its parts. But I leave to others to conſider 
what kind of Motion and peculiar. Conformation of Parts is requiſite both 
in the Menſtruum and in the diſſolved Body, that a Solution may reſult 
from their Commixture. | ok 3 

2. Tho Liquors conſiſt of Parts united, and tho this Union be eaſily Confidered , y 
derſtoyed, yet of neceſlicy it requires ſome degree of Force for effecting Tho: Mo- 
it; yet this Property ought not to be rely'd on as the ſole Cauſe of this ita. p. 93. 
Appearance : For, in this Solution of the Problem, We firſt ſuppoſe the minute 
Particles of a heavy Body rais'd, and then give the Reaſon of their not ſinking ; 
whereas *tis not to be queſtioned, but that that Force which raiſed them, 
is the ſame that keeps them from falling to the bottom. 74-364 


IX. Sir Sam. Moreland undertakes to demonſtrate, (contrary to the com- J, Wndertaking 


mon and received Opinion thro* Euglamd and all Europe) ; Ra 
1. That he will force Water 60 Foot high with treble the Weight that $3" Field. 
ſhall raiſe it 20 Foot; and ſo proportionably, ix infinitum. "11 Oy e Þo-dF* 


2, That by how much wider the Barrel is, in which the Forcer works, .. Au. 297% 


than the Pipe thro* which the Water is forced up, by ſo much is the Engine 
preſſed with unneceſſary Weight. | | 


X. 1, Elapſi nuper ſtate, Ann. 1684. in manus incidit Tractatus qui- A Siphon pe- 
dam inſcriptus Sipho Wurtemburgicus, five Sipho Inverſus, Cruribus æque-altis, e eg 
fluens & refluens, haCtenus inauditus : de hac Machina magnifica prædicat Au- Nieto Warm. 
thor, ſed Lectorem orat ut ignoſcat Patronoeus Sereniſſimo quod Myſterium 738 by Mr, 
Structuræ ejus ſibi ſervet. Hæc dum legerem, in mentem venit quo modo u. 167. þ. 846. 
inſtrui poſſit Siph, ut quæ de Wurtemburgico illo narrantur, præſtaret. Ha- No. An. 1684. 
bens ergo in manibus Siphonem quendam vitreum, erexi eum ſupra duo Vaſ- 
cula quantum potui perpendiculariter; dumque in eo ſitu ſiſteretur, affudi in 
unum ex Vaſculis Aquam, donec Orificium $iphonis paululum ſuperaret, & 
ſtatim in alterum Vas, ut expectabam, efluebat Aqua: tunc Evacuato illo 
Vaſe in quod primum Aquam infuderam in alterum effudi, & immediate 
Aqua iſta refluebat in prius Vas. Licet non auſim Artificum hujus Siphonis 
mei cum illo Wurtemburgico comparare, tamen ſi Utilitatem ſpectemus, cum 


Vol. I. AN. eo 


— «. w 7—·r˙• Oe — 


By Dr. Papin, 


Fg. 197 


eo certare poſſe (præſertim {i addatur ei Inſtrumentum quoddam, modo quo- 


Ibid. P. 847. 


(533) 
dam peculiari a me excogitato) non multùm dubito, 


2. In Tractatu de Siphone Wurtemburgico, qui Stutgardiæ Authore De Sal. 


mone Reiſelio nuper editus eſt, magna quædam atque inaudita, ſi & Utilitatem, 


& Raritatem & Artificium, ſpectes, de novo illo Siphue prædicantur: ipſius 
autem Proprietates Characteriſticæ proponuntur his Verbis. 

1. Ut Orificia Crurum Duorum Siphonis ſui horixontaliter fita Labris inſeran- 
tur; cum in Veterum inventis Crus longius infra Labrum ſeu Aquilibrium deſcen- 


dat ſemper. _ 7 
2, Ut Orificits vel partim vel dimidium Aqud repletis, effluat tamen Aquq 


| ſuper Montem ducta; cum in reliquis Siphonibus totum Orificium Aqud adimple. 


ri ſeu immergi Aqud debeat. | 
3. Ut in Siccitate diuturna quieſcens Machina tamen eſfectum producat, affiuente 


ilerum Aqua. 


4. Ut Lumine ſeu Orificio alterutro aperto, altero vero poſt Horas demum 


aut Diem, ſeu per Epiſtomium, ſeu Conum recluſo, effiuat tamen Aqua; cum in 


aliis utraque ſimul Lumina aperiri debeant. _ 
5. Ut in Horizontali Linea poſitis Orificis, & equalibus quoad Altitudinem 
Cruribus, exundet Liquor; cum in Porte Aliorumve Machinis inægualia debeani 


Crura eſſe, & Perpendiculum majus. 


6. Ut ab utroque Labro in utrumque Labrum infuſa aſcendat & effluat Aqua; 


cum in Veteribus non niſi per unicum, nempe longius, Crus effluat, nunquam 


refluat. 2 | | 
Hzc ſunt ipſius verb a Authoris; qua vero ratione, quibuſve auxiliis tanti 


Effectus produci poſſint, ne verbum quidem : Me itaque juſſit Regia Societas 


Machinam conſtruere, quæ eadem illa in Libro deſcripta Phænomena exhibe- 
ret. Rem quidem tribus variis modis exequutus ſum; ne vero tædioſus ni- 


mium videar, ſequentem Methodum utpote facillimam inſtar omnium fore 


arbitror. 


A A Sunt duo Vaſa Metallica, quibus duæ Siphonis Extremitates inſeruntur: 
BC DED CB eſt Sipho, cujus Lumina B B, in eadem Horizontali Linea 
diſponenda ſunt. F eſt Tubulus foramini in ſuperiori Siphonis parte adfer- 
ruminatus, diligenterque obturandus, poſtquam Sipho Aqui exactè reple- 
tus fuerit. Jam manifeſtum eſt Aquam, in partibus CD contentam, Aeri 
externo ingreſſum prohibere, ne ad ſuperiorem Sphonis partem E penetret : 
Sipho igitur Aqua ſemper plenus (modo debitam Altitudinem non excedat,) 


Efectum ſuum certiſſimè producet, ſtatim atque Aqua in Vaſibus A A con- 


tenta alterutrius Orificii B partem aliquam replebit; quumque ambobus 


Orificiis Aqua partim repletis, in utroque Vaſe A ad eandem Horizontalem 


Lineam Superficies Aquæ pervenerit, fi alterutri Vaſi vel tantillum Aquæ 
infuderis, pars ejus per Siphonem ſtatim in alterum Vas deferetur, eademque 
ratione cætera in Libro deſcripta Phænomena exhiberi poterunt. 
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3. Ne diutius Sereniſſimæ Sorjetatis deſiderium fruſtrarer, aut morarer, fa-By P. Salomon 
teor Excellentiſſimi Dai, Ds Papin Siphonem ipſiſſimum eſſe Wurtemburgicumpy, ie. 
etiam cum Recurvatione Pedum factum; neque aliud eſſe Myſterium, ut": +73. f. 1272. 
Inventor ipſe ſcripſit, in Summitate, quam quod per Infundibulum debear © A. 1685. 
impleri, fine qua Impletione non poteſt transfluere. Quod proxime Typis 
_ amplius confirmabitur, quia longum nimis eſſet & tædioſum hic omnia 
ſcribere. | | 

Aſt, ut in præſenti oſtendam me hactenus nonnihil laboräſſe circa Siphbons ' 
Effectus; ecce inter Experimentandum, hoc quoque mihi occurrit; ut didice- 
rim, quomodo in Vertice vel ad Latera poſſit effluere quod hactenus multi 
promiſere, vix quiſquam effecit. 


Xl. 1. AA is a great Glaſs made like a Tumbler, but much bigger, 4 New way of 
and laid upon the Chimney Board, BB, | | Raiſing Vi ater, 
_ CC is the Engine like a ſmall Rock, that doth conſtantly /pout out Water ies, e 


| f 5 ; propoſed 5 by 
by the two Holes DD: This Rock is kept at a diſtance from the bottom of Pr. "pin: 


the Ga AA; fo that it may plainly be ſeen that it cannot receive any Toly An vids... 


ly An, 1685. 
Water by ſubterraneal Tubes. | | Fig. 198. 


E E is a factitious Coral, reaching from the Center of the Rock C C, to 
the Center of the Crown FF. 

FF is a Crows bearing upon the Aperture of the Gla/s A A, and holding 
the Rock C C, ſuſpended at a conſiderable diſtance from the Bottom. 

GG a Glaſs open at both ends, apply'd to the Rock CC, to keep the 


Water upon it from falling down. 5 
The Water in this Engine runs conſtantly. H H, Two SVells to receive the $v'2 ; 5 


Water from the s. - Dy. Nath. 
- Within the Rock 'S C, there may be 1 Veſſel placed, which ſhall he n- 177. P. 1238. 


made like the Body of a Pair of Bellous, or thoſe Puffs heretofore uſed by Bar- N 

bers, which being filled with Water, a Peice of Clockwork put under it may 

produce the 7e!t9's; the Water being received into the Sh H H, and running 

thence into the hollow of the Coral E E, may be thereby conveyed into the 

follicular Cavity in the ſame quantity it is ejected from the two emerging 

Tubes; and it will circulate according to the going of the Clock=roork. . 

3 . I conceive that the Air is forced into the oer, Gla/5 at the bottom thereof. By Mr. R. A- 
That it then paſſes up between the two Gla//es. | 
That the %, Clas or Cale being cloſe luted at the Head or Crown to 

which the iner Glajs is hung by the C94), the Air is forced into the Mouth 

of the inner Glaſs. | 5 
That the Air fo forced, preſſing on the Surface of the Water that covers 

the Kock, forces the Water to riſe thro? thoſe two extream Parts that arc 

not at all clogg'd, or covered with Water. 
4.ABDE, ſignifics a Cylindrical Veſſel, cloſed on ciely ſide, and divided In a Letter Sub 
into two Rooms by the Floor EF. 3 : ſcriled, W. Te- 
GL MH, is another Cylindrical Veſſel within that upper Room, ces. 172.7. 1254 
mented with its Mouth downwards to the Floor, and full of Water up to 8 285 


the Surface I K; the upper Part thereof GI K II, beir g {u!l of Air. ms OO. 
N . 


10. p. 1239. 


2 2 2 | 


By Dr. ir 


( 540 ) 
QO, RP, Two Pipes, open above and below, and let thro? the Upper 
Room into this Veſſel, and reaching almoſt down to the Floor EF. 

VW, a Pipe open above and below, and let into the Upper Room. 
Theſe Pipes muſt be cloſe joined round about them to the Floors C D 
and Gr FH, . * 

XY, Twolittle Hemiſpherical Bladders prepared with Oil or ſome Olly 
Subſtance (as Butter and Turpentine) againſt Water, and Cemented with 
their Mouths upward to the Floor EF, underneath. 

a, þ Two Valves Opening out of the Upper Room in the Bladders. | 

y, N Two other Valves Opening out of the Bladders into the inner Veſſel 

above. 
NZ, a Pendulum play ing upon the Centre N, and haying two Battledoor 
Arms a, b, to ſqueeze alternately the Bladders which reſt. upon them 

Let the Upper Room be filled with Water at the Pipe VW, and if the 
Pendulum be made to play by Clock-work, the Bladders will perpetually pump 
it thence into the Inner veſſel, and the compreſt Air GI KH in the Upper 
part of that Veſſel preſſing upon the Surface of the Water I K, will force 
it thence into the Pipes OQ, PR, out of which ſpouting with a perpetual 
even Stream into the Spoons S T, it will run down by the Pipe WV, into 
the Upper Room again : the Pendulum will play molt eaſily when the upper 
Room is filled to the Top of the Pipe W V. Inſtead of the Bladders may be 
other Contrivances, as of Suckers or little Organ Bellows, playing alternate- 
ly with two Leaves about an Axis in the middle. 

5. AA, is the Great Tumbler, that muſt have ſome little Hole in the bot- 
tom: as J. 

ILL, a ſlender Pipe hidden by the Chimney Board B B, whereby the 
27 umbler AA, hath Communication with the Pump or Bellows MM. 

MM, ſome kind of Pump or Bellows well ſhut, and having no other Aper- 
ture, but thro' the Pipe IL L. Theſe are put in ſome ſecret Place where 
a Body may play the ſame and not be ſeen. 

NN, a ſlender Pipe, that makes a Communication between the Glaſs AA, 
and the CrownF F ; this Pipe reacheth near to the cover of the Crown, that 

the Water contained in it may not run down by that Aperture. 

EE, the Fa#itious Coral, hollow within, ſhut at the Bottom and open at 
the Top. 

DD, DD, Two crooked Pipes ſoldered tothe Sides of the Coral EE, fo 
that the Water runningdown the Coral may ſpout out at the Holes D D. 

OO, a Pipe hidden in the Coral E E, paſſing thro? the bottom of the 

ame, where it muſt be well ſolder'd, and reaching near to the Botton of the | 
Rock C C. 
PF, a Pipe to convey the Water from the Glaſs G G, into the Rock CC; 
this Pipe is well ſolder'd to the Cover of the ſaid Rock. 
Qs Valve working by aSpring at the Bottom of the Pipe PP, to keep 
the Water, that gets in that Way, from returning back. 

R, another Valve at the top of the Pipe O O, that the Water getting up 
that way, may not fall chro' the ſame, 


Now 


n 
Now it is plain, that the Rock CC, being filled partly with Water, part. 
ly with Air; if we open the Gellows MM, the Air from the Crows F F, 
muſt run thro? the Pipe NN, into the Trmller AA; and thence thro? 
the Pipe I LL, into MM, to fill the Vacuity ma le therein: The Air in the 
Crown FF, being thus rarified, gives liberty to the Air in the Rock CC, to 
rarify too, by driving the Water thro' the Pipe OO. The Water be— 
ing got up into the Crown FF, runs down the Coral EE, and thro' the 
crooked Pipes DD, DD, ſpouts out at their upper Apertures, and from the 
Shells HH falls upon the Rock CC: If we come afterwards to ſhut the Bel. 
lows MM, the Air got into their Vacuity muſt run back into the 7% ler 
AA, and preſs upon the Water at the Top of the Rock CC : But the Air 
in the ſaid Rock having been rarified, its Spring is not ſufficient to reſiſt 
this Preſſure, and ſo the Water is forced into the ſaid Rock thro? the Pipe 
PP: And by thus opening and ſhutting the Bellows MM, the Water muſt 
conſtantly circulate by the Ways aforeſaid, TS 5 | 
As for the Uſes this way for raiſing Water may be applied to, this I do The He of this 
conceive : The Glaſſes, being merely to conceal the Secret, muſt be left out; ans 
and there may be made ſeveral Receptacles above one another to receive the 
raiſed Water, ſo as doth the Crown FF: And there ſhould be as many 
Bellows to communicate every one with one Receptacle : Theſe Bellows ſhould 
be moved by an Axis, ſo that, when the Hr/# is open, the Second ſhould be 
ſhut; the Third open, the Fourth ſhut ; and fo forth, alternatively ; which 
may be eaſily done: By this Means, the firſt or loweſt Receptacle would 
give the neceſſary Supply of Water to the Second, the Second to the Third, 
and the Third to the Fourth, Sc. till the Water would be raiſed to the intend- 
ed Height. Such Receptacles might eaſily be ſet at 12 or 15 Foot above one 
another, and ſo but few of them might rae Water to a conſiderable Height, 
as well as ordinary Pumps do: But this new Way would have this advan- 
tage, that in the ordinary Pumps the Strength to be applied lieth near the 
Water to be raiſed, but by this Contrivance the Stream of a River may be 
applied to draw Water out of a Mine far diſtant from it. By the ſame wa 
the Stream of the Thames might keep conſtant Y/ater-Works in Windſor-Caſtle, 
as ealy almoſt as in the loweſt Fields: The River Seine might do the ſame 
at St. Germain, and perhaps at Yer/ailles too, notwithſtanding the great Di- 
ſtance, For it is to be obſerved, That the Pipes of Communication be- 
tween the Bellows and the Engine, being merely for the conveying cf the Air, 
which moves very ſwiftly, they may be ſlender enough, and ſo contain but 
a ſmall Quantity of Air to be rarified; and beſides, they will not be ſubject 
to burſt or leak, ſince the Preſſure they bear, being all external to the Pipe, 
will rather ſtrengthen than break the ſame. From whence it follows, That 
the ſaid Pipes need not be ſtrong, but may be made at very ſinall Charges. 
It is alſo to be obſerved, That thoſe Bellcws which are open, have the Air 
in them very much rarified, fo that the outward Air li-th heavy 1:pon (to 
ſhut) them; by which means the Motion of the Eugine muſt be help'd in Lift- 
ing up the oppoſite Bellowos, that are to be opened: And this Obſervation may 
| anſwer 


Farther Ex- 
plained, 
Fig. 201. 


. 
1 

anſwer the greateſt difficulty that might be objected againſt this Contri- 
vance. So that I don't queſtion but this way for raiſing Water, may on ſe- 
veral Occaſions be of great Advantage. - 

AB, AB, Are ſeveral Receptacles ſet above one another, which muſt he 
well ſhut and ſoldered every where. 

CDD, CDD, Are two flender Pipes, whereby the Firſt and Third Re- 
ceptacles have a Communication with the Pump HH. 


EFF, EFF, Two other ſlender Pipes, whereby the Second and Fourth 


Receptacles have a Communication with the Pump II. 

HH, II, Two Pumps whoſe Plugs are ſo moved by the Axis LL, that 
when one gocth down the other goeth up. 

MM, a Wheel faſtened to the Axis LL, that it may be moved by the 
Stream of a River, i 

NO, PQ, NO, PQ, Are big Pipes for the Water to go up, from a 
lower into a higher Keceptacle. | | 7 

O. Q, O, Q, Are Valves fitted to the Top of the aforeſaid Pipes, that 


the Water may not go down thro? the ſame. 


Now it is plain, that, when the Plug in the Pump H H, is going up, the 
Air comes in thro* the Pipes CDD, and ſo it is rarified in the firſt and 
third Receptacles marked A, A: And by that Means the Water may be dri- 
ven up into the ſaid Receptacles thro? the Pipes NO, becauſe at the ſame 
time the Plug in the Pump II, going down, cauſeth the Air to return to its 
ordinary Preſſure in the ſecond and fourth Receptacles, that it may be able 
to drive up the Water thro' the ſaid Pipes N O, and the loweſt Pipe 
draws the Water that lies open to the Air. By the ſame reaſon when the 
Plug in the Pump II, goeth up, the Air muſt come in thro' the Pipes 
EFF: And ſo it is rarified in the ſecond and fourth Keceptacles marked 
B, B, and by that means the Water may be driven up into the ſaid Recepta- 
cles thro? the Pipes PQ, P Q, becauſe at the ſame time the Plug in the 
Pump HH, going down, cauſes the Air to return to its ordinary Preſſure 


in the firſt and third Receptacles, ſo that it is able to drive up the Water 


_ thro! the ſaid Pipes PQ. | 


Several Objecti- 
ons, made by 
M. Nuis, Au- 
ſrwered; by 

Dr. Papin. 

n. 186. p. 263. 
Jan. An. 4687. 


6. 1. To keep the Receptacles from being filPd too much, the Water may 
be let out by inſerting into each a crooked Pipe, reaching a pretty way 
downwards, and having its lower Aperture ſhut up with a Valve, whereb 
the Water may run out when the Keceptacle ſhall be fill'd to a certain Height: 
And I may add, to prevent new Difficulties, that, leſt the Pumps ſhould be 
f1Pd too much, a Valve may be made that ſhall open as ſoon as the Air in the 
Pump ſhould be more compreſt than the outward Air: So the Air getting 
in thro* any Pores would be conſtantly let out. | | 

2. I have not poſitively promiſed a good Succeſs, but for Mindſor and 
St. Germain; but when I ſpoke of Verſailles I uſed the Word perhaps, thereby 
ſnewing that, before any one ſhould go about ſuch a great Undertaking, he 
ſhould reflect upon it more than I would then do, not having occaſion for 


ſuch Work. But I now make the following Computation. 


3 5 Let 


( 543 ) 


et the Diſtance of Yer/ailles, as M. Muis ſuppoſeth, be f 2000 Foot, and 
the Capacity of each Receptacle be about one half of a cubic Foot: I might 
make the Wheel with the Axis to make their Revolution in one Minute of 
Time, and lo order all things that the Air under the aſcending Pl might 
come to be rariſied to ſuch a Degree, that by its Elaſticity it might not coun- 
rerpoiſe more than 7 Foot of Water; but at the ſame time the Air in the 
Receptacles A, A, B, B, would, even in its greateſt Dilatation, be able to coun- 
terpoiſe 17 Foot: So it is plain, that the Air will be driven from the Necehla— 
cles into the Pumps by a Strength equivalent to 10 Foot of Water: Now, if 


we compute the * Velocity of Air driven by ſuch a Preſſure, we ſhall find gs . ll 


that the ſaid Yelocity will be about 740 Foot in a Second: ſo that in half a 
Minute, during which the Plug goeth up, this Air might paſs above 22000 
Foot, altho it were not rarified, at all; but being rarified, as we do 
ſuppoſe it to be, it might go a great deal further. 
l I muſt now take notice, that according to the Honourable Mr Boyle's Ex- 
periments, the Karefaction of the Air is much leſſer than M. Nuis takes it to 
be: For the Water contained in'the Pipe NO, is fo far from cauſing the Air 
to fill up a Space four times bigger, that it will not extend itſelf to a Space 
once bigger than before: Conſidering therefore the Velocity of the Air, and 
the ſmall Dilatation it doth ſuffer, if any one will take the Trouble to com- 


pute, he will find, that if the Pumps have in Diameter the Diagonal of a 


ſquare Foot, and the ſame Height; and if the ſmall Tubes of Communication 
be made of 3 part of an Inch in Diameter; ſo that being 12000 Foot long, 
they may contain about one cubic Foot of Air ; that would be more than 
ſufficient to make the neceſſary Rarefaction in the Receptacles, 


But for the good Succeſs of the Eugins it is not enough to make the Air paſs. 


from the Receptacles into the Pumps, it mult alſo return from the Pumps into 
the Receptacles : Now for this Intent it would be neceſſary to ſet the Recepta- 
cles but five Foot above one another; ſo, to drive the Water up the Pipe 
N O, it would be enough that the Air in the Receptacle B, ſhould preſs with 
a Strength equivalent to 23 Foot of Water: For it is plain, that five Foot 
in the Pipe NO, together with a Preſſure equivalent to 17 Foot, which I 
have ſuppoſed to be in the upper Receptacle A, will make but 22 Foot in all; 
and therefore 23 Foot preſſing in the Receptacle B, mult prevail, and cauſe 
the Water to aſcend: Now the Preſſure in the Receptacl- being but 23 Foot, 
and the Air in the Pump returning to its ordinary Preſſure, which is about 
23 Foot, it is plain that the Air going back to the Receptacle, will be driven 


by a Strength equivalent to 10 Foot, as well as it had been in coming from 
the Receptacle towards the Pump: And ſo the Bigneſs aſſigned for the Com- 


munication Pipes will alſo prove more than ſufficient to this Effect. 
From what I have been ſaying, it is plain, That in great Diſtances there 


ſhould be made as many Pumps as Receptacles, as hath been already pro- 


pounded: And for to raiſe Water but 60 Foot High, there ſhould be re- 
quired 13 or 14 Receptacles, and as many Pumps of the Bigneſs aforeſaid. 
Some People may take this for a great Difficulty ; But I anſwer, That in 


this 
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this Engine, this is not ſo much as it ſeems at firſt ; becauſe, the Prey: 
being all from without, there is no need of any great ſtrength to reſiſt it; 
and ſo the Metal for the Pump will coſt but little: There may alſo be found 
C:caſions where to make ſo good uſe of them, that ſuch an Engine as J have 
deſcribed would in a Year's time fave Labour enough to pay for many Pumps. 
ſince it might every hour raife about 1800 Pounds of Water to the Height 
of 60 Foot. Mean while I don't pretend to have given here the beſt Pro. 
portion for the Bigneſs of every part of the Exgine; but, it may be, by 


_ altering the Capacity of the Pumps, of the Pipes, or of the Receptacles, 3 


much more conſiderable Effe&t might be produced. 


3. The Water doth not at any time aſcend higher than from a lower 


_ Receptacle into the next upper Receptacle ; which Height is but 12 Foot: So 


that it is plain enough, rlat the Preſſure of the Air may be ſufficient to 
drive it up. It is inditierent, whether it be by Rarefaction or otherwiſe 
that the Water comes into the Recepracle A; it is enough that the Water 


is there, and that the Air preſſes upon it with ſuch a Strength as will pre- 


vail againſt all that oppoſeth it. 


4. Tho the Uſe of the Pipes be merely for conveying of Air, they 
may nevertheleſs be eaſily fill'd with Water, when need requires; and fo the 


Defects in them may as well be found out as in Pipes that are uſed for the 


conveying of Water. 


An Engine foy 
Ra iſing Hater, 
by the Help of 
Five ; by Mr, 
Tho. Savery. 
Ne 253. p. 228. 
Hg. 20%. 
June An. 1699. 


Diſcharge it again at the Top. 


XII. A, The Furnace. 

B, The Boyler, | 

CC, Two Cocks, which convey the Steam by turns to the Veſſels D D. 
DD, The Veſſels which receive the Water from the Bottom, in order to 


E E E E, Valves. 


F F, Cocks which keep up the Water, while the Valves on Occaſion are 
cleans'd. 8 

G, The Force Pipe. 

H, The Sucking Pipe. 

I, The Water, 


XIII. This Engine is a C beſt of Copper A, pierced with many Holes above 


ä B B, and holds within it the Body of a Pump EF M, whoſe Sucker DE, is 


raiſed and abaſed by two Levers C, O; theſe Levers having each of them 
* two Arms, and each Arm being fitted to be laid hold on by both Hands of 


a Man. Each Lever is pierced in the middle by a Mortiſe a a, in which 
an Iron Nail, which paſſes thro* the Handle of the Sucker, turns when the 
Sucker is raiſed or lower'd. Near the Body of the Pump there is a Copper Pot 


IHK, joined to it by the Tube G, and having another Tube K NL, which 


in N may be turned every way. 
Jo make this Engine play, Water is pour'd upon the Cheſt to enter in at 
the Holes that are in the Cover thereof. This Water is drawn into the Body 


_ of 
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of the Pump, at the Hole F, at thetime when the Sycker is raiſed; and when 
the ſame is let down, the Valve of the ſame Hole F ſhuts, and forces the 
Water to paſs thro' the Hole M into the Tube G, of which the Valve 
H being lifted up, the Water enters into the Pit, aid filling the bottom, it 
enters thro' the Hole K, into the Tube K NL, in ſuch 2 manner, that 
when the Water is higher than the Tube KN L, and the Ficle of the Tube 
G is ſhut by the Valve H, the Air incloſed in the Pot hach no Iſſue; 3 andit 
comes to pals, that, when you continue to make tlie Water enter into the 
Pot by the Tube G, which is much thicker than the Aperture of the end L, 
at which it muſt iſſue, it muſt needs be, that the ſurplus of the Water that 
enters into the Pot, and exceeds that which at the ſame time iſſues thro? the 
ſmall end of the Jet, compreſſes the Air to find Place in the Pol: which 
makes that, whilſt the Sucker is raiſed again, to make new Water to enter 
into the Body of the Pump, the Air which has been Comprej/'d in the Pot 
drives the ſurplus of the Water by the Force of its Syring, mean time that 
a new Compreſſion of the Sucker t new Water to enter, and cauſes alſo 
a new Compreſſion of Air. And thus the Courſe of the Water, which iſſues 
by the Jet, is always entertained in the ſame State. 


XIV. A A, the Body of a ſquare Taper do, made of Oak, Elm, or A cheap Punp , 
Deal Planks ; with a Valve at bottom, 23. x4 eas; "x 
BB, the Bucket, in the midſt of Which there is a Valve b, not vilible! in Jane A 1577, 
the Figure, being concealed by the Sides of the Leather, b b. 
CCC, the Iron to raiſe the Zucker. 
DD, the Wood at the bottom of the Buchet containing the Valve. 
EE, the Handle for raiſing the Bucket, to be managed by fewer Hands Fg. :24. 
than ordinary Pumps are; which may be altered fo as to employ a Horſe, or 
Mill, or other ſuch-like way, more advantageous than that of this Handle 
managed by the {ſtrength of Men. 3 
FF, a Square Taper-Box with Holes in the Sides, and open at the Bottom; 
into the narrower part of which is encloſed the narrower End of the Body 
of the Pump. 
G G, an additional Bucket of a larger 8 to be placed on the 
Iron Work of the Pump about H, when it ſhall be needful to lengthen the 
Taper of your Pump, and thereby to raiſe the Water more forcibly to a 
greater height. 
II, the Spout of the Pump, to caſt out the Water, of _ fame Breadth 
with the fide of the Pump. 
K K, the Iron or Wooden Work ſet off, or bent back (if 9895 be) and 
placed at the back of this Pup, for the ealier and more capacious Motion 
of the Pump- Handle, in which it moves. 
This Pump was by me contrived in 1673. when the New Canal of Fleet- 
River in London was enlarged : It was found to raiſe at Icalt twice as much 
Water proportionad'y as thoſe of rhe fame, or rather bigger Bore, that were 
firſt made uſe of and caſt by. It was 83 Foot long, and 1 Foot 3 Inches 


Vol. I. = A a XA | broad 


b 
| 
| 
| 
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broad at the top, and about 8 Inches broad at the bottom, where it is inſerted 
in the Box; and did caſt out 8 Gallons at a Stroke, and 21 Strotes being made 
in one Minute, there were delivered about 169 Gallons in a Minute's time; 
whence it is ealy to compute, what Quantity is thrown out in an Hour. This 
kind of Pump may by the ſame Contrivance be made of a Tree bored thro* 


with a Taper Bore: and a Basket may be ufed at the bottom of the Pump 
inſtead of the Box-Colender, | 


XV. Papers of leſs. General Uſe, ( Extracted from a Book of Jo. Alph. Borellius 
| de Motu Animalium) omitted. 


"6h Way how a Man may Swim under Water, and breathe by the Help of 
ed de a Bag about his Head. | 


2. Another way of Breathing under Water by the help of a Leathern Pipe kept 
open by wreathed Wires, and extended by the Swimmer's Head to the top of the 
Fa. | | 

3. A way lo make a Submarine Veſſel accommodated 
and to make it Riſe and Sink in the Water. 


with ways 10 Row it, 


XVI. Accounts of Books omitted. 


« 4. $64.15 Yaroftatical Paradoxes, made out by New Experiments, (for the moſt 
Ne 10. P. 173. part Phyſical and Eaſy) by the Honourable R. Boyle 3. 


n. 226. f. 481. 2. Recueil de diverſes Pieces touchant quelques Nouvelles Machines, Nc. 


Par D. Papin, M. D. A Caſſel. 1695. in 8 vo. 


CHAP. IX. 
Geography. Navigation. 


4 are fac fo J. I Ongitudo Terreſtris eſt Arcus Æquinoctialis ab uno ad alium Meridia- 
9 7 eriate | | | 


TT: b num interceptus, ſive Temporis Spatium, quod per /EquinoCtialem 
a Protelſor ef numeratur, inter duo Loca; quare conſonum fuerit, Longitudinis Princi pium 
3 in ipſo Æquinoctiali conſtituere. Inſuper cum Circulus ille Equincctialis 
Oct. An; 1675. Globum in Borealem & Auſtralem partem dividat, fi detur hujus Primarit 
Meridiani Fixatio in eo, erit inter Boreales & Auſtrales A-quitas atque Con- 
formitas. Deinceps, oportet, ad Præciſionem, Locum hujus Primarii Meri- 
diani eſſe parvum, ut Longitudinis Numeratio exactius exprimatur: non ut 


aliqui, 
E 
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aliqui, qui omnes 7z/ulas Fortunatas pro hujus Principio aſſumebant, & Di— 
ſtantiam duorum Graduum, inter earum aliquas, non notabant; quod certe 
abſurdum nimis erat. Iterum, Præcautio alia eſt habenda, ut Primarins Mo 
ridianus non confundatur cum Terris & Locorum Inaginihus in Globo vel 
Mappa exaratis, quod fiet, ſi per Medias Terras trant-at : Et ſi præcipuas 
Terræ Partes dividat, ut Americam, Africam, & Europa, per Maria tranfiens, 
erit eo aptior & convenientior in Globi Terraquei repreſentations. Qi us omnes 
memoratas cauſas conſiderans, inveni, quod Natura (hihi truſtra ſtppedi— 
tans) poſuit ſub ipſo Æquinocliali Circulo Inſulam quandam prope Bu, 
olim Abroxos nominatam, que Inſula diſtat a Tenerife Pico Grad. J. Occi- 
dentaliores, & ab Uraniburgo Grad. 42. Occidentaliores; in qua invcniuntur 
omnia ad Primarium Meridianum conducenda, ut i me eilimatur. 


IT. 1. Thoſe that intend to make uſe of Pendulum Malebes at Sea, muſt M. Hugen's 


have two of them at leaſt ; that, if one of them ſhould by miſhap or neg- 3 
lect come to ſtop, or (being by length of time become foul) need to br gimuie with Fen- 


11 ö 1 p + lum Nach > 
made clean, there may likely always remain one in Motion, Tele 5 
2. The Watches on Shipboard are to be hung in a Cloſe Place, where the 


may be freeſt from Moiſture or Duſt, and out of Danger of being diſordered A. 4855 
by knocking or touching. - | 


3. Before the Watches be brought on Shipboard, *tis convenient they be ad- 
juſted to a Middle or Mean Day; the Uſe of them being then moſt ealy, | 
4. Here take notice, That the Sun paſſeth the 12 Signs, or makes one Ts adjuft the | 
entire Revolution in the Ecliprick in 365 Days, Sh. 487. or thereabout; be 
and that thoſe Days, reckoned from Noon to Noon, are of different Lengths ; 
as is known to all thac are verſed in Aſtronomy. Now between the Longeſt 
and the Shorteſt of thoſe Days, a Day may be taken of ſuch a Length, as 
365 ſuch Days, 5h. 49'. Sg. make up, or are equal to that Revolution; 
and this is called the Equal or Mean Day, according to which the Watches 
are to be Set; and therefore the Hour or Minute thewed by the J/atche:s, 
tho they be perfectly juſt and equal, muſt needs differ almoſt continually 
from thoſe that are ſnew'd by the Sun, or are reckoned according to its Mo- 

tion. But this Difference is Regular, and is otherwiſe called the Aiquation ; 
which is accounted from the firſt of February in the following Table. 


— 
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| Januar rbruars March. April, May... June. 
116 100 O of 4 4614 23019 25ʃ/16 24 
245 47% 25 ogf14 3919 2816 
335 244 © 4| 5 2114 539 29116 on 
45 02% 85 39/5 16 25115 49 
54 41/ © 12] 5 5/7/15 25/9 29/15 37 
4 21] © 166 15/16 369 28115 24 
714 o 2 o 21| 6 3318 5319 26615 11 
83 44] 0 2666 51716 /½9 24114 58 
92 27] 0 327 ogſi6 21019 2114 45 
100 3 110 0 4007 27/16 34ʃ19 180114 32 
112 55] © 48] 7 45/16 47/19 15|14 19 
12 2 39g] © 57| 8 03/16 5chig 11014 06 
13j 2 23] 1 o6| 8 2217 11019 -oj[123 53 
1442 oz] 1 16| 8 41017 22019 o2j13 400 
150 1 52] x 2609 017 35118 37/3 27 
fro] 1 33%] 1 37] 9 21% 4318 51113 
17 ® 25] 1 499 417 53/18 45h13 03 
ro} 7 13] 2 O2ſio oiſrS 38 39/12 52 
1901 o2] 2 15/10 21118 13118 33ʃ12 41 
20] © 51] 2 28 [0 40018 23118 26/12 30 
21] © 41] 2 4210 3918 32118 1812 
22] © 32] 2 56011 1818 3918 10 (12 O8 
123] © 24] 3 11/11 37118 40018 01011 58 
2440 18] 3 26011 560618 53117 511 48 
25 190 2: 41112 1518 59117 410 38 
260% of 3 56012 349 0407 300/11 28 
27] © 64 12012 53ʃ19 ocſt7 1911 18. 
28 34 2913 12019 14½% odr og 
5 13 31019 18/16 5711 O0 
3000 13 49/79 22116 460 52 
21) © 9 14 06 16 351 | 


July. 
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| July. Augiſt. Septemb. DAober.|Novemb.|Decemb. 
Ijllo 45}11 o7jig 412g 16131 13021 14 
200 38Þtt 16020 01/29 golzt 03/20 44 
3110 3111 23/20 22129 4330 33020 14 
4410 23/11 3620 4329 56030 43/9 44 
210 19/1 48/21 0430 09030 3219 141 
(ro 13012 ORT 25/20 2230 20118 44 
mo 0/2 14 z21 4730 34830 08018 14 
| sjio o2j12 280622 09830 45129 55017 44 
199 58812 42/22 31030 55029 40017 14 
1009 54/2 57]23 5231 0429 23116 44 
1119 51413 12023 1331 12829 06016 14 
12] 9 493 27123 3331 1928 48015 44 
139 47]13 433 5331 26/28 30015 14 
1449 46013 39024 1331 32ʃ28 11 14 43 
15] 9 4614 16024 3331 380/27 51114 12 
[16] 9 4614 3324 53631 43Þ7 30013 41 
17] 9 4714 50025 13131 47/27 o8[13 10. 
18] 9 49/15 08025 33131 5oſ26 45/12 40 
199 52015 2623 5231 53/26 22/2 10 
20] 9 56115 45/26 1131 55/25 58111 40 
2110 0816 04/26 3031 35/25 3411 10 
22410 04016 23/26 4913 1 5525 10ʃ10 40 
2310 08016 4227 08:31 55124 4510 10 
24410 1317 1027 26:31 54124 20.9 41. 
25010 18117 217 43031 5203 55] 9 13 
2610 2317 4128 ooſ2t 50423 3008 45 
2710 28018 0198 16331 47123 og 8 17 
2810 34/18 21028 32831 43122 3807 50. 
2910 4118 4128 4731 37 22 11 7 23 
30010 499 01029 O2 30ſz1 43] 6 58 
Jo 58hg 2) he 22 6 3 
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By the help of the foregoing Table you will always know what a Clock 
it is by the Sun preciſely, and conſequently, whether the Yatches have been 
ſet to the right Meaſure of the Mean Day, or no; uſing the Table as 
follows, „ | 

When you firſt Set your Walch by the Sun, you are to ſubduct from the 
Time obſerve by the Sun, the Æquation adjoined to that Day of the Month 
in the Table, and to Set the Watches to the remaining Hours, Minutes and 
Seconds; that is, the Yatches are to be Set ſo much Slower than the Time 
of the Sun, as (in the Table) is the ÆAquation of that Day; ſo that the Zqua- 
tion of the Day added to the Time of the Clock, is the true Time by the 
Sun. And when after ſome Days, you deſire to know by the ach the Time 
by the Sun, you are to add to the Time ſhewed by the Walch, the AÆquation 
of that Day; and the Aggregate ſhall be the Time by the Sun, if the aich 
hath been perfectly well adjuſted after the Meaſure of the Mean Days; for 
the Doing of which, this will be a convenient Way: ST 

Draw a Meridian Line upon a Floor, and then hang two Plummets, each 
by a ſmall Thread or Wire, directly over the ſaid Meridian, at the diſtance 
of ſome two Foot or more one from the other, as the Smallneſs of the Thread 
will admit. When the Middle of the Sun (the Eye being placed fo, as to 
bring both the Threads into one Line) appears to be in the ſame Line exact- 
ly (for the better and more ſecure diſcerning whereof, you muſt be furniſh'd 
with a Glaſs of a dark Colour, or ſomewhat Black'd with the Smoak of a 
Candle) you are then immediately to Set the Yatch, not preciſely to the 
Hour of 12, but by ſo much leſs as is the Æqualion of that Day; c. g. If it 
were the 124% of March, the Æquation of that Day being by the Table, 
8' 3” theſe are to be ſubducted from 12 Hours, and the Remainder will 
be 11Þ, 51/7 57”, to which Hours, Minutes, and Seconds, you are to Set 
the Index of the Watch reſpectively : Then after ſome Days you are to ob- 
ſerve again in the ſame manner, and likewiſe to note the Hour, Minute, and 
Second of the Watch ; to which you are to add the Aquation of theſe Days, 
taken out of the Table; and if the Aggregate do juſt make 12 Hours, the 
Watch is adjuſted to the Right Meaſure ; but if it differ, you are to divide 
the Minutes and Seconds of that Difference by the Number of the Days be- 
tween both the Obſervations, to get the daily Difference. 92 

Let us ſuppoſe this ſecond Obſervation to have been made the 20h0f March, 
vix. Eight Days after the firſt, and finding that the Middle of the Sun, being 
ſeen in the Meridian in the ſame Line with the two Threads, as before, 
The Watch points, —————— — 3 
The Æquation of the 20th of March, by the Table, is —— O0 10 40 
Which being added to the Time ſhow'd by the Walch, gives — 12 on 47 
I this had been juſt 12 Hours, the Watch would have been well adjuſted, 
but being 1' 47”, more than 12, it hath gone ſo much too faſt in eight 

Days. And theſe 1' 47”, that is 107”, being divided by 8, there come 

134. Seconds for the Difference of every 24 Hours; which — being 

| own, 
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known, if you want time, or have no mind to take the Pains to adjuſt the 
Watch to its right meaſure, (this being not neceſſary, ſince you may bring 
it thus on Ship-Board) note only the daily Difference, and regulate yourſelf 
accordingly. But if you will adjuſt it better, you muſt remove the lets 
Weight of the Pendulum a little downwards, which will make it go ſlower, 
and then you muſt begin a-new to obſerve by the Sn, as before. It 
it had gone too flow, you muſt have removed the mentioned Weight 
ſomewhat upwards. And this is of that Importance in the finding out 
of Longitudes, that if it be not obſerved, you may ſometimes in the ſpace 
of Three Months miſreckon 7 Degrees, and more yet (without any fault 
in the Yatches ;) which under the 7. ropicks will amount to above 400 Engliſh 
Miles. T 
The Watch may alſo be adjuſted o Board, when a Ship Rides at Anchor, 
thus: In the Morning, when the Sun is juſt half above the Horizon, Note 
what Hour, Minute and Second, the Walch points at, if it be going; if 
not, ſet it a going, and put the Indexes at what Hour, Minute, and Second 
you pleaſe. Let them go till Sun. Set, and when the Body of the Sun is juſt | 
half under the Horizon, ſee what Hour, Minute, and Second the Indexes of 
the Watch point at, and note them too; and reckon, how many Hours, Sc. 
are paſſed by the Walch between the one and the other. Then take the half 
of that Number, and add it to the Hours, Sc. of the Morning Obſervation, 
and you ſhall have the Hours, Sc, which the Walch did ſhow, when the Sun 
was in the South 3 whereunto add the Æguation in the Table belonging to 
that Day, and note the Sum. Then, ſome Days being paſs'd, (the more the 
better) you are to do juſt the ſame : And if the Hour of this laſt Day be the 
ſame that was noted before, your Watch is well adjuſted ; but if it be more 
or leſs, the Difference divided by the Number elapſed between the two Ob- 
ſervations, will give the daily Difference. And if you will, you may let it 
reſt there, or otherwiſe, removing the leſſer Weight of the Pendulum, you 
may adjuſt it better. You may allo, initead of the Sun's Kiſing and Selling, 
take two equal Altitudes of the Sun, before, and after Noon, and having 
noted the time given by the J/2tches at the time of both the Obſervations, 
proceed with it in the ſame Manner, as was juſt now directed for obſerving 
the Sun in the Horizon. In either of which ways there may be ſome Error, 
cauſed by the Sun's Refraftion ; which is inconſiderable, and therefore needs 
not to be taken notice of. | 3 a 
5, Give to each of the Malcbes a Name, or a Mark, as A, B, C; and Tofnd6y them 
before you ſet Sail, ſet them to the Time obſerved by the Sn in the Place 1 
where you are, and whence you are departing, allowing for the Aquation of . 
the Day whereon you make your Obſervation ; which Day you are to note, 
if the Watches be not well adjuſted ; otherwiſe it is not neceſſary. 
Then afterwards being at Sea, and deſiring to know the Longitude of the 
Place where you are; that is, How many degrees the Meridian of that Place 
is more Eaſterly or Weſterly, than the Meridian of that Place where you did 
ſet the Watches z you mult obſerve by the Sun or Stars, what Time of the 
Day it is, as preciſcly as is poſlible, and Note at the ſame time, to what Four, 
Minutes, 
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Minutes and Seconds the Watches do point, (which Time, if the Watches be 
not ſet to the Right Meaſure, is by the known Daily Difference to be adjuſt- 
ed,) adding thereunto the Zqration of the preſent Day, which gives you 
the time of the Day, ſhewed by the Sun, at the Place where the Yatches were 

- fer: And, if this time of the Day be the ſame with that obſerved where you 

are, then you are under the fame Meridian with the Place where the Watches 
were Set by the Sun; but, if the time of the Day, obſerved where you are, 
be greater than that ſhewed by the Watches, you may be aſſured, that you 
are come under a more Eaſterly Meridian; and if leſs, you are come under a 
more Weſterly. And counting for every Hour of Difterence of Time, 15 
Degrees of. Longitude, and for every Minute, 15 Minutes, or + of a Degree, 
you ſhall then know, how many Degrees, Minutes, Sc. the ſaid Meridian, 
do differ from one another. E. g. Suppoſe the Watches A, B, C, were Set 
at the Place, whence you parted, on the 20% of February, to the time 
of Day obſerved by the Sun, abating the Zquation of the 20th of February, 
( vix. 2 28”, ) and ſuppoſe that the Walch A, be ſet to its Right Meaſure, but 
that B goes every Day 7“, too Slow, and C every Day 12 too faſt: Some 
Days after, ſuppoſe the 5th of May, deſiring to know the Longitude of the 
Place where you are at Sea, 5 
Jou obſerve the Time of the Day there to be—— ——o;h 18“ 
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And you find the Yatch A to point at—— —— —— ——o2 o6 OO 
But the Watch B to point at =————————— 1 ;7 22 
Going too ſlow by 7” every Day, which makes in 74 Days J 
(viz, From the 20h of Feb. to the 5th of May,) oy o8 38 


Which being added to its own Time, gives the ſame with p 
that of the Watch A, viz. | 3 02 06 o 


You find alſo the Walch C to point at — — 20 48 


| Going 12” too faſt every Day, which makes in 74 Days oo 14 48 
Which being Subducted from its own Time, gives again—o2 o6 oo 
The Time of the Day therefore by the Watches being ——02 o6 og 
Add thereunto the Æquation of the 5th of May i 29 

And ſo you have for the Time of Day at the Place where the * OF; 
Matches wereſet — — . 
But the Time obſerved being —— —— —— — — 05 18 10 
Exceeds this by — —— —— — —— — — a 
Wherefore the Meridian of the Place, where you are May 5. $02 
is more Eaſterly, than the place where the Valches were ſet by 1 


Which being reduced to Degrees, reckoning 15 Degrees 4 5 
for an Hour, comes to — — — . 
TLiis true, that from the ſame Reckoning it may be concluded, that you 
are 180 Degrees more Eaſterly; which happens, becauſe the Hour Index goes 
round in the ſpace of 12 Hours in the Watches ; but the Difference is ſo 
great, that one cannot be deceived in it; elſe the Walch might be ſo made, 
that the Index ſhall go round aboutonce in 24 Hours. a 
Be bey, 6. Since that for finding the Longitude, the Time of the Day, at the Place 
at Sea. where you are, muſt be known, (as hath been ſaid above) you miſt have a 


Care 


— 
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care to obſerve that Time as preciſely as poſſible. For every Minute of 
Time, that you miſreckon, makes Degree in Longiude, which amounts, 
near the Aqualor, to above 15 Englyh Miles, but leſs elſewhere. Where- 

fore to find the Time of the Day with Certainty, the beſt way is to obſerve 

the Sun's Allitude when it is in the Eaſt or Weſt, (the nearer the better :) 
for, being there, its Altitude changes in a ſhort time more ſenſibly than be- 


fore or after; and thus from the Height of the Pole and the Declination of 
the Sun, the Hour may be calculated. | d the 


7. At the Riſing and Setting of the dun, when it is halfabove the Horizon, A. Eaſie Way. 5 


mark the time of the Day, which the Watches then ſnew; and tho ye 
have in the mean time ſailed on, it is not conſiderable. Then reckon b 
the Watches what Time is elapſed between them, and add the half thereof to 
the Time of the Ring, and you ſhall have the Time by the Watches, when 
the un was at S0uh, to which is to be added the Æguation of the preſent 
Day by the Table. And, if this together makes 12 Hours, then was the Ship 
at Noon under the ſame Meridian where the Watches were ſet with the Sun. 
But, ifthe Sum be more than 12, then was ſhe at Noon under a more 
Weſterly Meridian; and, if leſs, then under a more Eaſterly; and that by as 
many Times 15 Deg. as that Sum exceeds or comes ſhort Hours of 12 ; 
as the Calculation thereof hath been already deliver'd. OT 

Suppoſe, e. g. that the Watches A and B, as before, were ſet with the Sun 
at the Place whence you parted, the 20 of February; and the Indexes ſet to 
the Hour, Min. and Sec. ſhewed by the Sun, abating the Ægquation of that 

day, viz. 2 20”; the Watch A being reduced to the right Meaſure, and 
B going too ſlow by 7” a day. Afterwards on the 224 of May deſiring to 
know the Longitude of the Place to which you are come, you obſerve in the 
Morning the Sun halfabove the Horizon, when the Watch points at-2˙ 30“ 100% 
And in the Evening, the Sun being half under the Horizon, 
when the ſame Watch points at — 


— — —3 8 40 
To find the Time elapſed between them, ſubducting the Time : i 

: of the Riſing | —_— —_—— — — — — 2 30 IO 

FFP — — — — 12 0 0 

. There Remains — 9 29 50 
Adding thereunto the Time of the Setting —— 8 40 

You have for the Time elapſed between the Obſervations —— 12 38 30 
Whereof the Half —— — 6 19 15 
Being added to the Time of Riſing — —— —— — 2 30 10 


Jou have the Time by the Watch A, when O was in the South —8 49 25 
And after the ſame manner you are to ſeek the Time by the 
Watcb B, when the Sun was in the South 3 which let be — 8 38 48 
But this Walch going 7“ a day too flow, it is retarded in 91 days 
(from the 20h of Febr. to the 22d of May) —— —————o 10 37 
Which therefore added to.the ſaid Time gives — —8 49 2 5 
That is the ſame Time given by the Watch A. Now adding to 
this Time of the Watches, the Æqualion of the 22d of May © 18 10 
You have 8 — 


V o I. I. „ 


— cw — 
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Which is the ſame time of the Day with that of the Place, where the 


Watches were ſet when the Sun was in the ſame Meridian with the Ship, 
or where the Ship was at Noon. B 


The Difference 1s —— — ——2 52 25 
Wherefore this laſt Meridian is by ſo much more Eaſterly 


than the firſt, which being reduced to Degrees, (as hath * 7 " 

been formerly directed) make —— —— — —— ——4 6 15 

*Tis manifeſt, that by this way you findpreciſely enough . 
the Longitude of the Place, where you were at Noon, or the Time of the 
Sun's being in the South: Which altho it differs from the Longitude of the 
Place, where you are when you obſerve the Selling of the Sun; yet you may 
eſtimate near enough, how much you have advanc'd, or chang'd the Lon- 
gitude in theſe few Hours, by the Log- Line, or other ordinary Practices of 
Kecfoning the Ship's Way; or (which is the ſurer Way) by the Degrees 

Poaſſed in 24 Hours by a former day's Obſervation... 

You may alſo, inſtead of obſerving the Sun's Riſing and Setting, obſerve 
the Sezting firſt, and then the next Morning the Riſing 3 marking at both 
Times the Time ſhew'd by the Watches; and find thence, after the ſame man- 
ner as before, the Longitude of the Place where the Ship was at Midnight. 
Finally, You may alſo, inſtead of the Riſing and Setting of the Sun, ob- 
ſerve before and after Noon two Equal Altitudes of the Sun, noting the Time 
ſhown by the Watches, and reckoning in the ſame manner, as hath been ſaid 
of the Kiſing and Setting: Yet it is to be conſider'd, that the Altizudes of 
the Sun are beſt taken, when it is about Eaſt and Weſt, as hath been alrea- 
dy intimated. But note, that in Sailing North and South you make not the 
Obſervations at the Sun's Riſing and Setting, but at its being due Eaſt and 
—_— 8 
8. But you may put the Rule here preſcribed in Practice, by taking two _ 
Equal Altitudes of ſome known Star, that rifeth high above the Horizon. 
For you ſhall thence, according to the mentioned Rule, know at what time 
by the Watches the Star hath been in the South; and ſo the Right Aſcenſion of 
that Star being known, as alſo the Right Aſcenſion of the Sun, you may thence 
eaſily calculate, what Time it then was: Which, being compared with the 
Time of the Watches, as before, ſhall give the Longitude of the Place where 
you were, when you had the Star in the Meridian. 
9. If the Watches that have gone exactly for a while, ſhould come to differ 
from one another (as in length of time it may well happen, that the one or 
other fail a Minute, more or leſs ;) in that caſe it will be beſt to reckon by 
that which goes faſteſt ; unleſs you perceive an apparent Cauſe, why it goes too 

faſt (as it may 1 * when the Cheeks retain not their proper Figures) ſeeing 
it is not ſo eaſy for theſe Pendulum-Watches to move faſter than at firſt, as it 
is to go ſlower. For the Vire, on which the Pendulum hangs, may perhaps 
by the violent Agitation of the Ship, come to ſtretch a little, but it cannot 


grow ſhorter ; and the little weight of the Pendulum may perhaps ſlip down- 
ward, but cannot get up higher. 


I K 
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If it ſhould be ſaid, that upon any Foulneſs the Walch will go faſter by n. 48. f. 976. 
reaſon of the ſhorter Vibrations of the Pendulum, it is to be conſidered, 
that this is only True when the Watches have no Cheeks, but when they 
have them *tis not ſo. 
10. When you get Sight of any known Country, Iſland or Coaſt, be ſure n. 47. 7. 551, 
to note the Longitude thereof as exactly as you can by the help of the Rules 
here preſcribed. Firſt, thereby to correct the Sea-Maps, after the Longitude 
of a Place ſhall have been found at divers times to be the fame, fo that you 
doubt no more of it. For all Maps are very defective as to the Situation 
of Places in reſpect of Eaſt and Weſt, chiefly where Seas are interpoſed, 
Secondly, to be able always to know in the Proſecution of your Journey, 
how far you have failed from any Place to the Eaſt or Weſt. And, if by 
any notable Miſchance or Careleſſneſs all the Watches ſhould come to ſtand 
ſtill, yet you may at any Place, whereof the Longitude is certainly known, 
ſet them a going again, and adjuſt them there by the S, and fo reckon 
the Longitudes from that ſame Meridian, For you are to know, that you 
are not at all obliged to put one certain Meridian of any known Place as a 
Beginning of the Longitude Reckoning z this happening only in Maps, or Ta- 
bles of Longitude: As when you take for that purpole the Meridian of the 
Pico in Teneriffe, or that of the Iſlands of Corvo and Flores (the moſt Weſter- 
ly of the Azores) or any others. Yet it were very fit, that all Geographers 
agreed and pitched upon one and the ſame Fiiſt Meridian, that fo all Places 
might be known by the ſame Degrees as well of Longitude as Latitude 
tho in Voyaging, it is ſufficient to obſerve only the Difference of Lon— 
gitudes, beginning to reckon from the Meridian of any Place, you pleaſe, 
as if it were the Firſt. 5 | ET 
11. If it happen that being at Sea all the Malches ſtop, you muſt as ſpee- 
dily as is poſſible, ſet them a moving again, that you may know how much 
you advance from that Place towards the Eaſt or Meſt. | 
12, The Watches being diſtinguiſhed by Marks, as A, B, or the like, every Le fer 
Day about Noon, or when molt conveniently you can, obſerve the Time cf“ e. 
the Day by the Sun, or by the Sars at Night, and ſubduct thence the Mi- 
nutes and Seconds, that are adjoined to that Day in the Table, and write 
the Remainder down in the Paper, wherein 9 Columns or more are marked, 
placing them in the ſecond Column, having placed the Day of the Month in 
the Firſt; and at the ſame time write down the Hours, Minutes, and Seconds, 
of each Watch in a diſtinct Column, all oppoſite one to another. Then in 
another Column write down the Difference between the Time taken by Ob- 
ſervation, and that given by the Watches, or one of them. Thien one Co- 
lumn for the Latitude : One for the Longitude by the Ordinary Way of 
Reckoning: Another for the Longitude taken from the Difference between the 
Time found by Obſervation, and that given by the Watches: And at laſt 
a large Column to note the Accidents, that befal the Watches, &c. 
2. Major Holmes having left the Coaſt of Guinea, and being come to the Te 
Ine of St. Thomas under the Line, he adjuſted his Watches there, and put to f 
Sea, and Sailed Weſtward, 7 or $00 Leagues, without Changing his Courſe ; Maj. He, 
Bbbb 2 alter 5:2 73: 
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after which finding the Wind favourable, he ſteered towards the Coaſt of 
Africk N. N. E. But, having ſailed upon that Line, a matter of two or 
three hundred Leagues, the Maſters of the other Ships under his Conduct, 
apprehending that they ſhould want Water, before they could reach that 
Coaſt, did propoſe to him to ſteer their Courſe to Barbadves, to ſupply them- 
ſelves with Water there. Whereupon the ſaid Major, having called the Ma- 
ſters and Pilots together, and caus'd them to produce their Journalsand Cal- 
culations, it was found that thoſe Pilots did differ in their Reckoning from 
that of the Major, one of them about 80 Leagues, another about a hundred, 
and the third more; but the Major, judging by his Pendulum Watches that 
they were only ſome thirty Leagues diſtant from the Ille of Fuego, which is 
one of the Iſles of Cape Verde, and that they might reach it next day, and 
having a great Confidence in the ſaid Yatches, reſolved to ſteer their Courſe 
thither ; and having given Order ſo to do, they got the very next Day about 
Noon a Sight of the ſaid Ifle of Fuego, finding themſelves to fail directly 
upon it, and ſo arrived that Afternoon as he had ſaid. 2, 

M. Hugens being informed of this Succeſs, wrote to Paris to this effect; 

Ib. 5. 14, I did not imagine that the Yatches of this Firſt Structure would ſucceed fo 
well, and J had reſerved my main Hopes for the New ones. But, ſeeing that 
thoſe have already ſerved fo ſucceſsfully, and that the other are yet more juſt 
and exact, I have the more Reaſon to believe, that the Invention of Longi- 
 zudes will come to its Perfection. In the mean time I ſhall tell you, that the 
States did receive my Propoſition, when I deſired of them a Patent for theſe 
New Watches, and the Recompence ſet apart for the Invention, in Caſe of 
Succeſs. ; and that without any difficulty they have granted my Requeſt, 
commanding me to bring one of theſe Yatches into their Aſſembly, to ex- 
plicate unto them the Invention, and the Application thereof to the Longi- 

tudes ; which I have done to their Contentment. ; 15 


Tangitudes frow III. 1. Inveni tandem Modum Zune Locum ſciendi, exili quodam Inſtru- 
the Moon's mentiolo tantum adjutus, ad unum vel duo Scrupula ; &, quod mirum eſt, 
5 3 nec Refractiones, nec Parallaxes meis Obſervationibus obſunt, quia Ingenioſa 
«t Seville. Methodus his Tricis me liberat. Poſſum hac Methodo Terra Marique uti ; 
*. 8. f. 27*:Jeo Tabulis Lune Correctis non amplius Modus deſideratas Locory Longi- 
tudines captandi, in omnibus Terre Mariſſue Locis ignorabitur., = 

| Conſidered by \ 2. Quod de Inſtrumentiolo ſuo ſcribit Profeſſor Hiſpalen/is, Fidem meam 
1 (quod bona ipſius Veni dictum velim ) ſuperat. Privari enim Luna nec 
Refrattione, nec Parallaxi, in Horizonte noſtro poteſt, niſi ad Zenith aliquan- 

do poſſet pertingere; eouſque enim extenduntur, ejuſque Locum im plicant 
Refractiones: Deſinit in Nonageſimo Gradu Ecliptice ſemel tantum de Die 
Longitudinis Parallaxis, fed Latitudinis non perinde. Nec ſatis capio, quo- 

modo fabricari Inſtrumentum poſſit, quod unà cum Parallaxi R 


a una < efraftionem, 
cujus Incrementum long? diverſam habet rationem, conſideret. 


IV. The 


( 557) 


IV. The Obſervation of Lunar Occultations is of Singular Ule to deter- e Lanes 0. 


mine the Longitude of Places, eſpexially thoſe that are far remote. cultations ; by 
| | . Halley. 


| 8 a 0 8 n. 181. . 87. 
V. The Revolution of Jupiter upon his Axis being the ſwifteſt, and the Longicudes g 


moſt Regular Motion that is hitherto known in the Heavens, a Traveller 5 
alone, even without having any Correſpondence with other Obſervers, may 2% 


3 . b 0 f i. 
make uſe of it to find the Longitudes of the moſt remote Places of the g. E 


VI. 1. Utrum æque bene Zovialium Ecliſſes ad inveſtigandam Differentiam Longitudes 
Meridianorum conducant, ut quidem Occultationes Fixarum à Luna, habeo . e, Stelle 


A ee 0 0 1 Eclipſes; by M. 
fere cur dubitem; præprimis ob minus Tardum Jovialium Motum, utut Hevelius, 


etiam accuratiori Tubo peragantur. e 
2. The Ecliz/es of the Satelliles of Jufiler, which happen almoſt every By M. Borelli. 
Day, afford a fair Way for eſtabliſhing the Longitudes over all the Earth.” . J. 691. 
For, beſides that theſe Eclißſes are very frequent, the Emer/ſi9n and Immerſion 
of theſe Satellites, eſpecially in the Shadow of Jupiter, is ſo Momentany and 
fo Senſible, that they may be obſerved with the greateſt Exactneſs, being 
altogether exempt from thoſe Eſſential Inconveniences that accompany the 
Eclipſes of the Sun and Moon, which alſo are rare, and whoſe Beginning and 
End are always doubtful by reaſon of a certain Ambiguous Light, _ 
The Longitude of Places at Sea, Capes, Promontories, and divers Iſlands, 
being once exactly known by this Means, would doubtleſs be of Great 


Help, and conſiderable Uſe to Navigation. 

3. The Eclipſes of Fupiter's Satellites have been eſteemed, and certainly are By Mr. Flam- 
a much better Expedient for the Diſcovery of the Longitude than any yet age eas 
known, by reaſon that they happen frequently, and are eaſily obſervable 155 
with a Teleſcope of 12 Foot, or for need with one of eight. 

The Longitude might be alſo attained by Obſervations of the Moon, if we n. 154 f. 494+ 
had Tables that would anſwer her Motions exactly; but after 2000 Years SAT Om 
Experience (for we have ſome Obſervations of Eclipſes much Ancienter) 
we find the beſt Tables extant erring ſometimes 12 Minutes or more in her 
apparent Place, which would cauſe a Fault of half an Hour, or 72 deg. in 
the Longitude deduced, by comparing her Place in the Heavens with that 
given by the Tables, I undervalue not this Method, for I have made it m 
Buſineſs, and have ſucceeded in it, to get a large Stock of good Lunar Ob- 
ſervations in order to the Correction of Her Theory, and as a Ground-Work 
for better Tables; but, if we ſhould happily attain what we ſeek, yet the 

Calculation will be ſo perplexed and tedious, that it will be found much 
more inconvenient and difficult than that I propoſe by obſerving the Eclipſes 
of Jupiter's Satellites, which however at preſent I muſt prefer. For Jam per- 

ſuaded, that the Eciip/es of the Firſt will ſcarcely be found above 4 Minutes 
of Time different from my Calculations, and I hope it will ſcarce ever be 
found to err ſo much. But, if the fame Eclipſe may be obſerved in two 
diſtant Places at the ſame time, or compared with an Obſervation of the 
2s 2 {ame 


— 
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ſame Satellite, made within a Week elſewhere, the Difference of Meridians will 
be had ſomething better, than by comparing two Obſervations of the ſame 
Pha ſis of a Lunar Eclipſe, made in diſtant Places. For, whereas it is ſome- 
what difficult by reaſon of the Penumbra to determine the True Time of 
the Application of either of the Moon's Limbs to the Shadow, the Satellite 

Fclipſes, eſpecially thoſe of the Fir/t, are almoſt Momentany. 

And, whereas there can rarely happen 4 Eclipſes of the Moon Viſible, the 
ſame Year, thoſe of the Satellites happen ſo frequently that there are more 
of them Viſible in one Year than we count Days 1n 1t, tho the Planet 
Jupiter lie hid under the Sum's Rays evey Yeara whole Month together. 

I know our Navigators will object againſt this Method, that it is difficult 
to practiſe at Sera, becauſe long Teleſcopes are required, which the Motion 
of the Ship will not permit them to manage aboard. But, if it be not pra- 
cticable at Sea, they cannot deny but that it is at Land; and that the True 
Longitude of remote Coaſts from us is the firſt thing deſired for the Cor- 
rection of their Charts; (Let them attempt theſe firſt, and I doubt not but 
the Succeſs will encourage them ſo much, that they will readily find means 
to put it in Practice at Sea; ) That the French have uſed this Method ſuc- 
ceſsfully both in Denmark and in their Own Country; That a Teleſcope of 

14 Foot Long at moſt, or for need one of 8 Foot, with broad Eye Glaſſes, will 
be ſufficient for this purpoſe ; That the Difficulty cannot be known till it 
be tryed, and that Uſe renders many things eaſy, which our firſt Thoughts 
conceived impracticable, 5 | 

If it be required to know whether any of thoſe Eclipſes which are in- 
viſible with us, be viſible in any other given Place, convert the Difference 
of Meridians betwixt it and London into Time; and, if the Place lie to the 

Eaſt of London, add it to, if to the Weſt, ſubtract it from, the Time of 
the Appearance at London; the Sum or Difference accordingly ſhall be the 
true Time of the Eclipſe under that Meridian, at which, if Fupiter be above 
the Horizon, and the Se beneath it, the Eclip/e is there viſible, otherwite 
not. | 

Or, By the help of the Zphemerides of the Planet's Places, and a Terreſtrial 

Globe, the ſpace on it, in which any of theſe Eclipſes will be viſible, may be 
found thus : ä OOTY 

Firſt ſeek the true Places of the dun and Jupiter with his Latitude in the 

Ephemerides, whereby you may find their Declinations and Right Aſcenſions, 
either by the Vulgar Tables, or the Globe itſelf, exactly enough for this 
Method. . | 
Bring London on the Globe to the Meridian, and, detaining it there, note 
what Deg. of the Æquator is cut by it. From this ſubtract the Time of the 
Eclipſe after Noon converted into deg. and nin. the Remainder ſhews you 
the Longitude of that Meridian on the Earth, where it is then Noon when 
the Satellite is Eclipſed, which I therefore call the Meridional Longitude of 

the Eclipſe. Bring this Meridional Longitude under the Meridian, and ele- 
vate the nearer Pole to the dun as much as is his Dechnation : keep the 


Gicle in this Poſition, and, if Jupiter be in Conſequence of the Sun, draw 
| | 7 5 a 


Line 
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Line of the Globe along the Eaſtern Horizon, it paſtes over r all thoſe Places 
| where the Sun is Setting at that Timei; but, if Jupiter be in Anlecedence of the 
Sun, draw the ſaid Line on the Globe by che Meſtern Edge of the Horizon, 
it paſſes over all thoſe Places where the Sun is then Riſing. Jupiter being 
in Con/equence of the Sun, add the Difference of His and the Sus Right 
Aſcenſions to the Meridional Longitude afore- mentioned, bring the Deg of the 
Aquator anſwering their Sum under the Meridian, raiſe the Pole next Ju- 
Piler equal to his Declination, and, detaining the Globe in this Poſition, draw 
a Line again to the Eaſtern Horizon z the Space intercepted betwixt this 
and the Line of the Sun's Setting, before deſcribed on the Globe, compre- 
hends all thoſe Places on the Earth where this Eclipſe is ſeen from Sun Setting 
till Jupiter is Set. But, if Jupiter were in Antecedence of the Sun, Subtract 
the difference of his and the Sun's Right Aſcenſions from the Meridional 
Longitude, ſet the Degree of the Afquator anſwering the Remainder under 
the Meridian, and elevate the Pole next Jupiter equal to his Declination : 
Keeping the Globe in this Poſition, draw a Line by the Weſtern Edge of the 
Horizon, the Space included betwixt this and he Line of the Ss Riſing 
contains all thoſe places on the Earth, where this Eclipſe is viſible betwixc 
Fupiter's Riſing and Suns riſe. 
When any Eclipſe of theſe is obſerved, the Difference betwixt the noted 
Time and that given by the Tables ſhall be the Difference of Meridians be- 
twixt the Place of the Obſervation and London. 
As the Sun removes from the Conjunction of Jupiter, the Ingreſſes of the 
Satellites into his Shadow become obſervable. When he is about 30“ from 
it, the Emerſions of the Feurth, and at 60%, of the Third, begin to be ſeen 
betwixt the Shadow and Body, continuing ſo till the S be arrived within Ge 
of the Oppoſition of Zypiler, when the Emerſions of the Third fall behind his 
Body, but the Emezr/ions of the Fourth continue viſible till he be leſs thanzo® 
diſtant from ꝙ: at which Time they alſo are hid behind him, all the Ap- 
pearances being made really tothe Right Hand, or in Antecedence of uber, 
tho with inverting T eleſcopes, they appear on the contrary, to the Left. 
After the Oppoſition of the S and Jupiler we begin to lee the Ines fioms 
of the Satellites from the Shadow now on the Left Hand, or in Conſequence 
of Jupiter, but thro? inverting Glaſſes on the Right when the Sun is near 
30 deg. from the Oppoſition, the 1rgreſſes of the Fourth, when 60 deg. from 
it, of the Third, begin to be obſervable betwixt the Body and Shadow, con- 
tinuing ſo till che San arrive at the ſame or rather within ſomething a wider 
Diſtance for the Conjunction of Jupiter. 
4. Reſtauratæ Geographiæ Fundamenta, hac Methodo facillimi ac nullo fere By Ms. Halley, 
Inſtrumentorum apparatu preſtanda, ſed quæ minime fallat, Jactantur. Qua 11. J. 435 
huc pertinent præcepta Aſtronomicè Doctos latere non poſſunt; unicum mo- 
nere non abs re erit, nempe, Tubo octo vel etiam ſeptem pedum, hoc elt, 
facile portatili, momenta harum Eclipſium ſatis diſtinctè obſervari poſle, præ- 
ſertim in exterioribus Satellitibus, fi modo Lentis. objectivæ Apertura 2+ vel 
3 pollices pateat. Sic enim Radiorum maxima copia ad oculum reff acta 
pcrveniet, unde minim e hæ Stellulz in. vicinia Forts conſpi pet poſſint, 0 
Alas. 
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alias Luce ejus nimia obfuſcarentur ; ac quamvis Coloribus tingantur, ac 
Jovis Limbus parum nitidus videatur, tamen, cum de momento amiſſæ vel 
recuperate Lucis unice agatur, ſufficit eas Lumine quantum fieri poſſit au- 
ctas in oculos certius incurrere. - 

*. 214- f. 2359, The Eclipſes of the Firſt Satellite of Jupiler are found by the Royal Acade- 
my at Paris, in Aſcertaining the Geographical Site of the Principal Ports of 
France, almoſt Inflantanzous, and with good Teleſcopes diſcernible almoſt to 
the very Oppoſition of Jupiter to the Sun. So that, could the Satellites be 
obſerved with Teleſcopes manageable on Shipboard, a Ship at Sea might be 
enabled to find the Meridian ſhe was in to a very great exactneſs, beyond what 
we can yet hope to do by the Mon, tho ſhe ſeem to afford us the only Means 
practicable for the Seamen. However, before Sailors can make uſe of the 
Art of Finding the Longitude, it will be requiſite that the Coaſt of the whol: 
Ocean be firſt laid down truly; for which Work this Method by the Satellite, 
is molt appoſite. 1 | | 


Long. and Lat. 53 ; . 5 
1 * VII. The Longitude of Derby from London W. is 5 or 6 min. the Latitude 
Mr. Flamſteed. 32 57 or 5 1 | 

n. 55. p. 1103, 9 : | 

1106. n. 111. | 4 | 1 

ors gon. VIII. Efonie, in Com. Northamptoniano, Lat. 52% 15“. 

n. 76. P. 2272: 4 ; | 208 | NS . 
mg IX. Townleii in Com. Lanc. Latitudo obſervata (ut ſcribit D. Townleins) 


. 127. f. 664. 53 44'3 Longitudo a Meridiano Londinenſi 9. circiter ſer. hor. ad Occaſum. 


Lat. of Tre. X. The Latitude of Tredagh in Ireland is 53% 40“. 


dagh. n. 164+ 1 | | 

7. 749: 12 i 1 : | | 
Lon. of ox- XI. Having carefully conſidered the Parallaxes of the Moon in the Obſer- 
wk. y Ar. vations of the Occultation of Mars, Aug. 21. 1676. at Danticł and Greenwich, 


Halley n. 129. J find from the Immerſion the difference of Meridians between Greenwich and 
24 5 Cap, Oxford 4 57“, between Greenwich and Dantzick 15 14 50“: By the Ener- 
iv. SLXU. on the firſt of theſe Differences is found 4 59“, the latter 16 14 41%; 


which near Agreement ſhews the exactneſs of the Obſervations. 


Long. of Paris; XII. 1. Obſervationes D. Flamſteedii circa Lune Eclipſin Jul. 7. ſt. n. 1673. 
b. 15 b. 300. cum noſtris in Regio Obſervatorio habitis, magna cum voluprate contuli. Ex iis 
Lud. ſep. Cap. quippe Differentiam Meridianorum, quam olim, noſtrarum Obſervationum 
„ KTV. Collatione, Minutorum 11 definieram, nunc decem novis Comparationibus 


candem, intra pauca Secunda, video confirmari. 


| 


Objer- 


() 


E N D. e Gbſervationes Noſtre. JDifferentia Merid 


h. 11 h. / 11 / th 

Pentadacijl. Tectus. jt 55 1 em ſeu Scleucus. |2 06 1 | 11 Oc 

Porphyrites Tectus. 2 02 20fIdem ſeu Aiſtarchus. : 12 4c 10 20 

Sinæ Limbus Primus. 2 05 30Ejuſdem ſeu Tychonis2 16 3c 1x 0c 

| a ver] 2109 2:4. 10 5: 

Anz Limb. Primus.|2 05 o Ejuſ. ſeu Copernici.|2 16 30 10 2c 
| Ter} 10-40 10 406 


Besbici Limbus Priorſz 23 og Ejuſ. ſeu Manil. Med. 34 15Min. quam 11 0. 
Horminius Tectus. |2 26 og Ad eund. ſeu Diony/.j2 36 15 Maj. quam 10 1 
Tetigit Limbum Pri— . | 


mum Corocondometis.|2 39 30 Ejuſ. feu Palud. Som.ſ2 50 20] = 10 50 
Tetig. Palud. Mzotid.|2 45 OO Eand. ſeu Mare Caſp.j2 55 2c 10 2 
| | | — vel* 55 40 0-40} 
Mzeotis tota Tecta. 2 50 400Eadem. 3 01 10 8 
Immer ſio. 2 56 55 Immer ſio. 3 07 45 10 50 
| b : | vel*13 O7 40 5 | . 


»„ä— 


Tota hæc * denotat D. Caſſini peculiarem Exiſtimationem, i in reliquis cum 
DD. Picardo & Romero conſentit. 
2. Medium Eclipſeos Lunaris, Jan. 1. ſt. n. Los 5. deductum h. 
eſt ex Comparatione Initii & Finis — 3 20 00. 
Duarum e@qualium Phaſium — 3 20 15,4 69.Cep, 1. 
Ex D. Flamſtedii Obſervationibus Medium Eclipſis pari modo 5. XLVI. 
eruatur. Is quippe 2k 297 30“, Diſtantiam Cuſpidum obſervavit 17 16“; 
& Zu 52 4555 Eclipfi decreſcente, Diſtantiam obſervavit 18' 57”, uno ſcil, 
Minuto 41 ' Majorem. Itaque Medium Eclipſi propius eſt poſteriori Obſer- 
vationi quam priori. Medium Tempus inter utramque Obſervationem fuit 
zü 11' 7”. Tardius igitur aliquanto deducitur hinc Eclipſts Medium; unde 
Differentia Meridianorum proveniret Minor 9“; quod minimè convenit Obſer- 
vationibus certioribus Eclipſis præcedentis ſtivæ, ex quibus il lam deduxi 
Min. 103. Prior Obſervatio noſtra cum Priori D. Flamſtedli, aliquanto oh i 
tardiore, comparata, Differentiam Meridianorum exhibet Majorem 8“ * 
Poſterior noſtra, tardior Obſervatione poſteriori D. Flamſtedii, Differentiam 


u. 123 1 562, 


Meridianorum exhiberet Minorem 9' ao: b. 
Finis à D. Flamſtedio exiſtimatus 8 — 4 0% 15 
Et à Nobis eee ee ee ee 
Differentian Meridianorum inferret e eee 5 
Initium à D. Halleio Londini Obſervatum — — — 2 16 00 
Cum Obſervato a Nobis — 11 24435 
Differentiam Meridianorum RG 3 o O8 35 


Ex hac igitur FEclipſt Differentia Meriaianorum erueretur duo- 
bus circiter Minutis minor quam ex Eclipſi Æſtatis præcedentis, quam ta- 
men huic longè præfero; non ſolum ſpectata majori Facilitate Dcterminandi 
Tempora Appulſuum & Emerſionum in ea Eclipfi Totali, quam in hac Par- 
Vol. I. EEE tiali; 


= - . ———_ * 
— * 


— . 

tiali; verum etiam ob Aeris ſerenitatem, qua utique æqualiter uſi fuimus in 
ea Eclipſi, cum in hac, Pariſiis Cœlum ſereniſſimum, Londini fuit ſubnubilum. 
Priori itaque ſtandum cenſeo, donec per Obſervationes Inmerſionum & Emer- 
I. p. 564+ ſionum Satellitum Jovis, quos ad hanc rem exiſtimo maxime idoneos, rem 
ſcrupuloſius determine mus. 
By Mr. Flam- 3. Differentice Meridianorum, ab Eclipſi Lune, Funii 27. 1675, Londini & 
fteed, J. P. 36g. Pariſiis obſervata, deductæ, vix fidere poſſum ; quippe licet Tempora Phaſi— 
um a vobis obſervatarum accuratiſſimè determinata credam, Ego, cum am- 
plior non ſuppeteret, Quadrante uſus fui 20 tantum Digitorum Radio, ad 
Horologium corrigendum, quippe nuda duntaxat habuit Pinnacidia; & 
propterea de Momento Phaſis alicujus certior eſſe vix potui quam ad unum 
Minutum Horarium. Noviſſimam Eclipſin Dec. 22. 1675. Inſtructior ob- 
ſervavi; cum tamen mihi Aer ſubnubilus extiterit, & propter Obliquam 
Lune in Umbram Terre Incidentiam, tardiſſimus fuerit ejus ad Maculas Ap- 
pulſus, minus apta fuit hæc Eclipſis huic Negotio. Incerta igitur inter duo 
minuta Horaria manet etiamnum Meridianorum noſtrorum Differentia, quam 

tamen nullus dubito Nos pro Votis aliquando determinaturos eſſe. 


Long. of straſ- XIII. Meridianus Pariſien/is ab Argentoracenſi diſtat 22 48“, ex Fine E- 
burg and Paris; 


by M. Bullialdus. clipſeos Lunaris Fan, 1. ſt. n. 1676. Diſtat autem ex hac Eclipſi Meridianus 


n, 125. p. 610. Pariſienſes a Londinenſi ad Ortum 6“ 38”, qui ex Obſervatione Eclipſ. Jul. 7. 
vid. ſup. Ca p. 


1. KML Vi. 1675. apparuit 100, ut etiam in Eclipſ. Jan. 11. ejuſdem Anni. 
- Long. of Avig- : | 
— 7 Mr. Har XIV. Avignon is 19“ 40“, or 49 50 to the Eaſtward of London. 
„ dd. 1300101 | ; | 
15 IF, XV. M. Caſſini having compared together the Obſervations of the Solar 


eee Eclipſes of July 12. ft. u. 1684, and made ſuch Reductions as the Parallax 
8 4 = my requires, lays down the Longitudes from Paris to | 
wid, ſup. Cap Aix in Province 14 E. The Lat. by M. Gautter is 432 300. 
IV. 5. XXXIV. Avignon 8 2 =: ; FOO ; | 

Lyons 8', or 13' E. 

Roſes 4'E. The Lat. by M. Chaſſeles 429 10. 

Honfleur 7' W. 

Pau 11', W. The. Lat. by P. Richaud 439 300. 


1. g. I Lisbon, XVI. Mr. Jacobs an Engliſh Merchant reſiding at Lisbon, informed Mr 

* * Flamſteed, that he obſerved the Beginning of the Lunar Eclipſe, Feb. 11. 1682 

IV, 3. XLiX. there at 8h 31', Pp. m. which gives the Difference of the Meridians betwixt the 
Obſervatory at Greenwich and Lisbon, 41% Minutes of Time, or 109 22/, 


conſiderably different from our Maps and Sea-Charts. 


Lt. of Ma- XVII. The Earl of Sandwich eſteem'd, by the Sun's Altitude in the Sol- 
9 ſlice, and by other Meridian Altitudes, the Latitude of Madrid to be 4010; 
8. 22. P. 390. which differs conſiderably from that aſſigned by others, the General Chart 
of Europe giving to it 41* 30“, the General Map of Spain 40* 27', and a 
large Provincial Map of Caſtile 40 38“. | 


XVIII. 
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XVIII. 1. Per plures congruentes Obſervationes Lunares & aliorum Pla- Tong: of evil | 
netarum, inveni Diſtantiam Civitatis Hiſpalenſis Longitudinariam eſſe ab Ura- Y., b. 
niburgo o“, five I rh, vel intra 2' differentem. | Proteflor at Se- 
2, Videat D. Profeſſor quomodo Meridian Hiſpalenſis ab Uraniburgico In- > 0 IG 
terſtitium Scrupulorum 9go' conſtituerit : Deliquii enim Lunaris Obſerva. Flamiteed, ib. 
tiones Jan. vr. 1675. Londini Medium ponunt 7h 11'5 P. m. cui Annota- vid. fo. Cap. 
tiones Pariſinæ conſentiunt; dicti Profeſſoris Obſervationes Medium Hiſpali N. & Uv. 
ſtatuunt Gh 47: Noſtrorum ergo Meridianorum Differentie 24h: Ar Nos 
inter & Uraniburgum non intercedunt niſi Minuta 52. Eſt igitur Meridia- 
norum Differentia non niſi 1h 16˙ inter Hiſpalim & Uraniburgum. Vereor ta- 
men, annon Oculis nudis D. Profeſſaris factæ fuerint Obſervationes: Iuciden- 
tie quippe & Emerſionis Tempora faciunt 1h 5“; cum Neftre Pariſinæ, He- 
velianæque Obſervationes non faciant ea Tempora plus quam 1h 102, forſan 
aliquanto minus. „„ 8 


XIX. Differentia Meridianorum Hafniæ & Pariſiorum, Obſervationibus Loy. of co. 
Jovialium, reperta eſt a D. Picard, oh 41 40“. : "8" mit 
| n. 146. p. 145 
XX. An. 1680. Odd. 23. St. v. S. Joſ. Pont bia, and Marco Antonio Cellio, Tins. of Hooks 
with a Teleſcope of 25 Palms, obſerved the Total /mmer/ion of the firſt Sa- and Uranivurg , 
tellite in Fupiter*s Shadow at Rome, at 10h 7' 63“; p. n. which in our Ob- fed“ Flame | 
ſervatory here I noted at 9h 15' 41“, whoſe Difference is the Difference of u. 177. p. 1215. 
our Meridians = 52" 12”, or 13% 03'. Again, Jan. 28. 1685. S. Francis 
Blancbini obſerved the Total /mmer/ion of the Firſt at Rome, at 11Þ 19˙4 
which I ſaw not here, but my Numbers give at 10h 27's: Therefore the 
Difference of Meridians is 52x, and Rome lies ſo much more Eaſterly than the 
- Obſervatory at Greenwich ; agreeing with the former Obſervation. 
The Noble Tycho judged therefore not much amiſs, when he placed Urani-. 
burg and Rome under the fame Meridian; for by ſeveral Obſervations of Sa- 
tellite Eclipſes it is evident, that the Difference of Meridians betwixt Urani- 
burg and our Obſervatory is 31 10” of Time; ſo that Rome lies only one 


Minute of Time, or t ofa Deg. to the Eaſt of Uraniburg. 


XXI. 1. Dantzick is by many and undoubted Obſervations proved to be L. of Dant- 
| | zick ; by Mr. 


1k 15" 30”, more Eaſterly than London. Halley.” Pb. col. 
2. An. 1683. Die ipſo Solſtitii Aſtivi 21 Junii ſt. n. Gedani, Altitudo So- 7: 5: 75 


lis in Meridie fuit 599 7', Quadrante quidem parvulo Orich. ſed tamen ſatis zick; by M. 


accurato. Die vero Æquinoctii Autumnalis Altitudo Solis in Meridie reperta A N He 
eſt 25? 27. | | | 0, 154. p- 424. 


XXII. The Lengitude of Nuremburg has been formerly ſtated 119 from Eng. of Nu- 


re mburg ; 


London, and ſince found to be ſo by Obſervations of the Eclipſe of the Sun . 
July 2. 1684. which made it 44 T of Time. v. 182, p 147, 


. XXIII. 
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K XXIII. The Duration of the Lunar Eclipſe, Apr. 3. 1688. is made by 

and "org M. Timmerman from 7* 38” about 10h 45', which agrees within 8 or 10 

eee, Minutes with our Tables, that never err ſenſibly in the Continuance of Eclipſes; 
vid. ſup. Cap. and ſo much ought to be allowed to an Obſerver not ſufficiently inſtructed 

to diſtinguiſh the Penumbra from the true Shadow, tho a ſmall Teleſcope 
were uſed in this Obſervation, Let us conclude then, that the End was at 
1ch 40“ at Moſco, We do not find that this Eclipſe was obſerved at Lon- 
don: However this defect is in good part ſupplied by an Obſervation there- 
of made at Leiſſict, by M. Gotfrid Kirck, and publiſhed in his Ephemeriaes 
for the Year 1689; where the End is determined at 8h 54' p.m. Hence 
Moſco will be 1h 46” to the Eaſt ward of Leipfick ;, and the Difference of Me- 
ridians between London and Leip/ick being already determin'd 49“, it will 
follow that M/co is 2® 35” to the Eaſt of London, or 389 45" of Longitude, 
which from other Accounts we find to be very near that of the City of Aleppo 
in Syria. | — | 
Lat. f ſeveral By the ſame hand we have procured the Latitudes of the following Places, 


gh Ruſs, bſery*d, as *tis ſaid, with a large Quadrant. 


n. 18 1. þ.86, 
it is 52 Min. 


— 55“ 34 


Moſco 

Zereſla cs — 57 44 
Wologda —— 59 19 
Woſtak —— 61 15 


Arch- Angel — 64 30 


Latitudes of XXIV. I have been as curious as I could in taking the Latitudes of ſome 


3 N remarkable Places: As I find them, I ſhall give them you. 


Francis Vernon, 


Jan. 22 Ts Athens =— 28” 08” 8 389 40 
Corinth—— 38 14 Delphos 38 50 
Sparta 27 10 Thebes — — —_ 38 22 


Corone 27 03 


Negropont or Chalcis 38 31 


| Tatitudes of XXV. Upon Intimation of your Grace's Deſires, and upon Importunity 
cm of ſome Learned Men, having finiſhed a Table, as a Key to your Grace's 
rected to A. B. exquiſite Diſquiſition, touching Alia properly ſo called; I thought myſelf o- 
ors A. bliged to give both you and them a Reaſon, why, in the ſituation of Byzanii- 
n. x78, p. 1296. U n and the Iſland Rhodes, (which two eminent Places I have made the 
Dec. An, 1685. ap Hñ and Bounds of the Chart) I diſſent from the Traditions of the 
Antients, and from the Tables of our late and beſt Geographers ; and conſe- 
quently, Diſſenting in theſe, have been neceſſitated to alter the Latitudes at -: 
not Longitudes) of moſt of the remarkable Cities of this diſcourſe. And 
firſt for Byzantium, the received Latitude of it by Appianus, Mercator, Or- 
lelius, Maginus, and ſome others, is 43? 5*. And this alſo we find in the 
Bajil Edition of Ptolemy*s Geography, procured by Eraſmus out of a Greek MS. 
of Pettichius, The ſame likewiſe is confirmed by another choice MS. in 


Greek, of the moſt Learned and Judicious Mr. Selden, to whom for this Favour 
Fo — and 


1 
and ſeveral others I ſtand obliged. And as much is expreſſed in the late E- 
dition of Ptolemy by Bertius, compared and corrected by Sylburgius, with a 
Manuſcript out of the Palatine Library, Wherefore it cannot be doubred, 
having ſuch a croud of Witneſſes, but that Plolemy aſſigned to Byzantium, 
as our beſt Modern Geographers have done, the Latitude of 43* 5. And this 
will farther appear, not only out of his Geography, where it is often expreſſed, 
but alſo out of his Meat Evratrs, or Almageſt as the Arabians term it, 
where deſcribing the Parallel paſſing 4 Bugavriz, he aſſigns to it 430 5". 
What was the Opinion, concerning Byzantium, of Strabo preceding Ptolemy, 
or of Hipparchus preceding Strabe, or of Eraloſthenes antienter, and it may 


be accurater than all of them, (for Sirabo Lib. 2. calls him Teazv]alor 


meayuareuodyiy might ® Yyeoyenpias) tho Tully (Lib. Ep. Ad Att, ) makes 
Hipparchus often reprehend Eratoſthenes, as Ptolemy after him doth Marinns, 
their Writings not being now extant, (unleſs thoſe of $7259) cannot be 
determined by us. But as for Strabo, in our Inquiry we can expect little 
Satisfaction ; for his Deſcription of Places having more of the Hiſtorian and 
Philoſopher, (both which he hath performed with ſingular Gravity and Judg- 
ment) than the Exactneſs of a Mathematician, who ſtrictly reſpects the Po- 
fition of Places, without Inquiſition after their Nature, Qualities and Inhabi- 


tants, (tho the beſt Geography would be a Mixture of them all, as Abul- 


feda, an Arabian Prince in his Rectificalion of Countries above 200 Years ſince 
hath done ;) I ſay, for theſe Reaſons we can expect little Satisfaction from 


Strabo, and leſs may we hope for from Dionyſius Afer, Arrianus, Stephanus By- 
zantius, and others. Wherefore, next having recourſe to the Arabians, who 


in Geography deſerved the ſecond Place after the Grecians, I find in Naſſir Eddin 
the Latitude of Byzantium, which he terms Buzantiya, Conſtantiniya, to be 
45, and in Uleg Beg's Aſtronomical Tables the ſame to be expreſſed. Abut- 
feda chiefly follows four Principal Authors as his Guides, in the compiling of 


his Geographical Tables; thoſe are, Alfaras, Albiruny, Hon Saiid Almagraby, 
laſtly Ptolemy, whoſe Geography he terms a Deſcription of the Quadrant, (or 
the fk Part of the Earth) inhabited; and all theſe, according to his Aſ- 

ſertion, place Byzantium in 45 of Latitude. And here it may jultly be won- 


dred, how this Difference ſhould ariſe between the Greek Copies of Ptolemy, 
and thoſe tranſlated into Arabick by the Command of Amamon, the Learned 
Caliph of Babylon; for Abulfeda expreſly relates, that Ptolemy was firſt intepret- 
ed in bis Time, that is, in the Computation of Amecinus in Erpeniuss Edi. 
tion, and of Emir Cond a Perſian Hiſtoriographer, more than Soo Years ſince : 
Concerning which Abulfeda- writes thus, This Book (diſcourſing of Pryle- 


my*s Geography ) was tranſlated out of the Grecian Language into the Arabick for 


Almamon: And in this I find (by three fair MSS of Avulfeda) Byzantium 


to be conſtantly placed in 459. and as conſtantly in the Greek Copies in 439 3“. 
But in the Tveby£g0u Kae of Chryſococca, out of the Perſian Tables, made 
about the Year 1346. in Scaliger's Calculation, it is placed in 45%. To re- 


concile the Difference between the Greeks and Arabians may ſeem impoſſible, 
for the common Refuge of flying to the Corruption of Numbers by Tran- | 


ſcribers, and laying the Fault on them which ſometimes is the Author's, will 
| | not 
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not help us in this particular; ſeeing the Greek Copies agree among them- 
ſelves, and the Arabic Copies amongſt themſelves. The beſt way to end 
the Diſpute will be, to give Credit concerning the Latitude of Byzantium, 
neither to the Greeks nor Arabians. And that I have reaſon for this Aſſer— 
tion, appears by ſeveral Obſervations of mine at Conſtantinople, with a Braſs 

Sextant of above 4 Foot Radius. Where taking, in the Summer Solſtice, the 
Meridian Altitude of the Sun without uſing any Tgwapegerrs for the Pa- 
rallax and Refraction, (which at that time was not neceffary,) I found the 
Latitude to be 419 6'. And in this Latitude in the Chart I have placed By- 

Zantium, and not in that either of the Greeks or Arabians. From which Ob- 
ſervation, being of ſingular Uſe in the Recłiſication of Geography, it will fol. 
low by way of Corollary, that all Maps for the North Eaſt of Europe, and of 

_ Aſia, adjoining upon the Boſphorus Thracius, the Pontus Euxinus, and much 
farther, are to be corrected ; and conſequently the Situation of moſt Cities 
in Aſia, properly ſo called, are to be brought more Southerly than thoſe of 
Ptolemy by almoſt two entire Degrees, and than thoſe of the Arabians by al- 
molt four. Td . 

Concerning Rhodes, it may be preſumed, that, having been the Mother 
and Nurſe of ſo many eminent Mathematicians, and having long flouriſh- 
ed in Navigation, by the Direction of theſe, and by the Vicinity of the Ph. 
nicians, they could not be ignorant of the preciſe Latitude of their Country, 

and that from them Plolemy might receive a true Information. Tho it 
cannot be denyed, but that Ptolemy in Places remoter from Alexandria hath 
much erred. I ſhall only inſtance in our own Country, where he ſituates 
Auditor, that is London, in 54* of Latitude; and the 72 fie or the middle 
of the Jie of Wight, (which in the printed Copies is falſely termed Ovixlicis, 
but in the MSS. rightly 'OvixJ,) in 52% and 20“ of Latitude, Whereas Lon- 
don is certainly known to have for the Altitude of the Pole, or Latitude of 
the Place, only 519 and 32', and the Middle of the e of Height not to ex- 
ceed 30 and ſome Minutes. 1 

But in my Judgment Ptolemy is very excuſable in theſe and the like Errors, 
of ſeveral other Places far diſtant from Alexandria; ſeeing he muſt for their 
| Poſition neceſſarily have depended either upon Relations of Travellers, or Ob- 
ſervations of Mariners, or upon the Longitude of the Day meaſured: in thoſe 
times by Clepſydræ: All which how uncertain they are, and ſubje& unto Er- 
ror, if ſome Celeſtial Obſervations be not joined with them, and thoſe ex- 
actly taken with large Inſtruments, (in which kind the Antienis had not 
many, and Our Times, (excepting Tycho Brahe, and ſome of the Arabians) but 
a few,) I ſay no Man, that hath converſed with Modern Travellers and 
Navigators, can be ignorant. Wherefore to excuſe thoſe Errors of his 
(or rather of others fathered by him) with a greater Abſurdity, by aſ— 
ſerting the Poles of the World ſince his time to have Changed their ſite, 
and conſequently all Countries their Latitudes, as Mariana the Maſter of 
Copernicus, and others after him have imagined: Or elſe to charge Ptolemy, 
being ſo excellent an Artiſt, with Ignorance, and that even of his own Coun- 
try, as Cluverius hath done, (from which my Obſervations at Alexandria, and 


Mem- 


1 


Memphis, may vindicate him,) the former were too great a Stupidity, and 
the latter too great a Preſumption. But to return to Kh3des, an Iſland (in 


Enſtathius's Comment upon Dionyſius“s IIsęsi nis ) of 920 F urlongs Circuit, 


where according to Ptolemy the Parallel paſſing qu Pod, hath 30 of Lati- 
tude, and ſo hath Lindos, and "Inaveors, the chief Cities of the Iſland; the ſame 
is confirmed by the MS. but where the printed Copy and Euſtathius read 
"Inver, which Mercator renders Talyſſus, the M S. renders Ius. Abul- 
feda in ſome Copies ſituates the Iſland Rhodes, (for he mentions no Cities 
there) in the Latitude of 37 Deg. and 40 Min. and the Geography of Said 
Ibn Aly Agiorgany, commended by Gilbertus Gaulmyn, in 379, if it be not 
by a Tranſpoſition in the MS, of the Numerical Letters in Arabick, 37 for 35. 
which by reaſon of their Similitude are often confounded in Arabick, MSS. 
By my Obſervations under the Walls of the City Rhodes, with a fair Braſs 
Aſtrolable of Gemma Friſius, containing 14 Inches in the Diameter, I found 
the Latitude to be 37 and 50', A larger Inſtrument I durſt not adven- 
ture to carry on Shore in a Place of ſo much Jealouſy. And this Latitude 
in the Chart I have aſſigned to the City Rhodes, (from the Iſland ſo denomi- 
nated, upon which on the North Eaſt fide it ſtands ſituated) better agree- 
ing with the Arabians than with Ptolemy, whom I know not how to ex- 
bie. | 


XXVI. In the ſecond Book of the Voyage de Siam des Peres Jeſuites, are Leng. and Lat; 


related two Obſervations of the Satellites of Jupiter, capable, if well made, 


made June 2d. ſt. n. 1685, when at 11h 29' 20”, the Firſt or innermoſt 
Satellite touched the Weſtern Edge of Fupiter, and at 11h 3o' 50” it ap- 
eared no more: This Obſervation is ſaid to be made with an excellent Te- 
leſcope of 12 Foot. The other was on June the 4th following ft. 1. when 
the Emerſion of the ſame Satellite was obſerved at gh 37 40“, from which 
latter is concluded, that the Longitude of the Cape is 189 to the Eaſt of 
Paris; for that the ſaid Emer/ion, according to the Calculus of Caſſini, in the 
Meridian of Paris, ought to have happen'd at 8h 26“. This ſame Emerſion 
is computed by Mr. Hamſteed, at 8h 19', at London, that is 3 min. later 
than by S. Caſſini; and conſidering that neither is verified by Obſervation in 
Furope, the Longitude hence deduced is doubtful at leaſt 3 mir. if this had 
been the only Obſervation. But the former being conſidered will yet ſhew 
that there is a much greater Doubt ſtill remaining : For from certain A- 
ſtronomical Principles the Parallax of the Orb, or Difference between the 
Place of Jupiter ſeen from the Sun and Earth was, at the Time of the firſt 
Obſervation, 9® 9“; which Arch that Satellite moves in 1h 6'. and the 
- utmoſt Duration of an Eclipſe hereof in this Poſition of Jupiter being ſcarce 
2h 20' (as appears by the accurate Obſervations of M. Caſſini and Mr. Flam- 
ſteed) it will follow, that from the Immerſion behind Jupiter's Weſtern Edge 
to the Emerſion out of the Shadow, there could not be full 3h 26“. Where- 
fore the Emer/ion out of the Shadow, on June 2d, ought according to the 
time of Immer/ion, to be at 14h 56“, at the lateſt at the Cape; which by 


Mr. 


do aſcertain the Longitude of the Cape of good Hope. The firſt was there. by 115. 


7 


Long. of St. 
Helena, 10. 


The Long. of 
Madagaſcar ; 


n. 143 · P 15. 


vid. ſu Ca 4 


Iv: $ XLVIIE He had then with him on Shore, a Quadrant of two Foot Radius, and a 
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Mr. Flamſtzes*s Calculus was at London 13h 51'. or according to S. Caſſini ar 
13h 58“ at Paris, Hence the Longitude of the Cape will be found but 14 
deg. and a half at moſt to the Eaſt of Paris; ſo that theſe 2 Obſervations 
will didber in the Reſult about a quarter of an Hour, which is a little too much. 
However there are ſome Reaſons that ſeem to argue for this latter Longitude 
rather than the former; for it is much eaſier to obſerve what becomes of a 
luminous Object that appears, than to wait upon the firſt Appearance of a 
Star eclipſed : And it is probable that the Satellite might in the latter Time 
be ſeveral Minutes emerged out of the Shadow, when they might firſt per- 
ceive it; but they could not but ſee the Application to the Body of Yu iter 
in the Former, if we may ſuppoſe their Teleſcopes ſo good as they are ſaid 
tobe. And that the Cape of good Hope is not more than an Hour to the Ea/ 


of Paris, is proved by the conſtant Conſent of our Navigators, who find by 


their Reckonings that the Iſland of St. Helena is about 22 or 23 deg. of Lon 
gitude to the Weſtward of the Cape : (and that Sailing both backwards and 
forwards, *tis the ſame, which takes away the Objection of Currents) Now 
by accurate Obſervations made at St. Helena, and compared with others made 
in Europe at the ſame time, the Longitude of that Iſle is certianly about 8+ 
deg. to the Weſt of Paris; it follows therefore that the Cape cannot be much 
more than 14 or 15 deg, to the Eaſt of Paris; and undoubtedly it muſt be 


leſs than 18? 3 for 3 deg. is much too great an Error to be committed in ſo 
ſhort a Diſtance of Sailing. 


„ XXVII. Mr. Thomas Heathcot was Chirurgeon to a Ship, which, Avg. 1 9. 


Mr. Flamſteed. 


1681. lay at the bottom of a deep Bay on the Weſtern Shore of Madaga/car, 
and that part which the Portugueſe and our Maps call the Terra del Gada; 


Teleſcope of 9g Foot, but no Clock; to ſupply which Defect, he made a Pen- 
dulum of a String and a Bullet 39 Inches long, that each ſingle Vibration 
might anſwer a Second of Time. Waiting the Beginning of the Eclipſe with 
his Glaſs, as ſoon as he ſaw the true Shadow enter on the Moon's Limb, 
he cauſed his Friends who aſſiſted him, to make the Pendulum vibrate, and 
count its Vibrations; of which they had numbred 140 = 2“ 20“ of 
Time, when he took the height of Procyon (then Eaſt of the Meridian) 25% 
29'. The next day he obſerved the Ss Meridional Height with the ſame 
Quadrant, whence he found the Latitude of the Place 199 29“ South : hence 
the time when he took the height of Procyon is found 44 51' mane, and 


ſubtracting the 2. 20'', paſt ſince the obſerved Beginning of the Eclipſe, its 
true Beginning was at — 


6 6 4 487 40” 
Which at the Ohſervatory here I noted at — — 1 50 40 
Therefore this Part of Madagaſcar is more Eaſterly — 2 £58 oo 
or 449 3o', which our Maps make 529; that is 7 z deg. more remote from 
it than it really is. 


me Lg. lt XXVIII. Taking the Obſervations of the Occultation of the Bull Eye, Of. 


Lat. of Ballas 


28, 1680. under the Examination of a Calculus, I find that at at 8 6' 
2 or 
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or the Immerſion at London, the true Place of the Moon correct by Parallax Long og India; 
was IT 4? 32“ 24“; but at 16h oo', at Ballaſore Road (in the Lat. of 21 alles, Tb. u. 
20“, N. and about 20 Miles E. S. E. from the Town) the true place of *; 5-7: 1 50 
the Moon was Ix 59 34“, that is 1? 21' 36”, more than at Sh 6', at London: Iv. 115 
Now according to the Moon's Velocity at that Time, ſhe paſſed an Arch Feb. An. 1682. 
of 19 21 36“, in 2h 8“ 40“, of time; fo then at 10h 14 40“, at London, 
the Moon was in the ſame Place as at 16h oo', at Ballaſore Road; whence 
the Difference of Longitude will be Hh 45" 20%, or 869 20. Ballaſore be- 
ing ſo much to the Eaſtward of London. f 

2. By the Calculation of the Immerſion of the Bull's Eye, Dec. 1680. I Vid. ſup, Cap, 
find that at the 14h 497, at Ballaſore the Moon's true Place was xx 6 . 
30”, and at 7h 46“ 12“, the correct Time of the Immerſion at Dantzick, the 4 
true Place was 4% 55' 11“; that is 19 35” 20”, ſhort of the Place de- 
duced from the Obſervation at Ballaſore Road; which make in Time 2h 32' 
40%. Whence it follows, that 10h 18“ 52”, at Dantzict make 14h 49“, at 
| Ballaſore Road, and the Difference of Longitude 4* 3o' 8“; and Dantzick © 
being 1b 15” 30“, more Eaſterly than London, Ballaſore Road will be from 
London 5 4.5' 38“, or 869 24'. and the ſame Difference of Meridians will 
be found 86“ 14', if you make uſe of the Immerſion at Dantzick, 
3. For farther Confirmation hereof, Mr. Benj. Harry, being aſhore at Bal- 
Iaſore Town, obſerved with very great Care and Exactneſs, Nov. 18, 1680. 
that at 9h 13', the Star, which Tycho calls, in Cotyla dextra Aquarii duarum 
pracedens, (and which was then in Aquarius 289 52', and Lat. 29 46', N.) 
was in a right Line with the Cuſs of the Moon, then near the firſt Quar- 
ter. The Star's place is confirmed by the Agreement of Heveliuss Obſer- 
vations with thoſe of Tycho; and the Theory of the Moon cannot be con- 
ſiderably faulty in that Part of the Orb, it falling preciſely on her greateſt 
Equation : wherefore by the Theory and Numbers of Horrox, the true Place 
of the Moon at 26 53' at London, is found 3 299 22 10”, but at gh 137, 
at Ballaſore, her Place was in 25 299 41' 17” ; that is, 19' 7” more than 
at London, which in Time gives 36“; ſo that 3* 29“ at London, was gf 13' 
at Ballaſore, and the Difference of Long. 5 44' or 869 oo preciſely ; 
which the Dutch Maps make full out 99“: And the French Maps of San— 
' ſon, pretending to correct them, have made them 59 worſe, and the Er- 
ror 189 completely. What then is to be thought of the Deſcriptions of 


thoſe Places which have been but ſeldom viſited ? | 


XXIX. Differentiam Longitudinum Cantonem inter & Pariſios deduxi T- of Can- 
7b 2%. ex Exitu Mercurii ex Solis Diſco Cantoni & Norimberge obſervato, Caſſini, a. g. 
& ex Eclipſibus Lune obſervatis Norimberge & Pariſiis. -& Py * 
| INE | IV. f. XCVIII. 


XXX. Ex Altitudine Meridiana Maxima Stellæ Polaris à P. P. S. 7. ob- I, & ze, 
ſervata Die 31 Dec. 1694. correcto Inſtrumento, 429 16' 50”, ſuppoſita Pekin; 7 
Refractione 1 17”, & Diſtantia Stellæ Polaris a Polo tunc temporis 29 19“ 44 Ja 2 
57“, eruitur Atitudo Poli 399 54' 6600. 85 . 257· 2. 53 
Vol. J. | | Dddd Ex- 


Et Altitudo Poli apparens —2T — —— . 


Lat. of St. Sal- 


vadore. n 105. 


4 2. of Bridge- 


Town. n. 189. 


deſcription "= | 


Nova Jembla; 
by M. Nich. 
Witſen. n. 101. 


P. 3. 
Fig. 205. 
Mar- An. 1674. 


„ 

Ex ejuſdem Stella Polaris Altitudine meridiana minima, obſervata Diebus 
7 8 24 Mail, 1695. correcto Inſtrumento, 37* 36' 40”. ſuppoſit Re- 
fraRtione 1 28 & Diſtantia Stell Polaris a Polo 29 19 30“. eruitur Al- 
titudo Poli 399 55 2“ 

Neglecta Nea abone, Altitudo maxima Stelle Polaris deducta 2. 7 7 


ex Obſervatione 31 Dec. præcedentis fuiſſet ſub Initium Maii— 42 16 43 
Et Altitudo ejuſdem minima tunc fuir 37 36 40 
Quare Differentia Altitudinum — — — — — — 04 40 03 
Et Diſtantia Stellæ Polaris a Polo 


— — — — 02 20 012 
39 56 412 
Ad hanc Altitudinem apparentem Refractio ex mea Tabula eſt oo o 10 
Quare Aitituco Poli in Regia Pekinen/t 39 55 312 

Pro Longitudine Petinenſis Urbis obſervata eſt Immerſio Primi 
Jovis Satellitis in Jovis Umbram Die 18 Zan. 1695. 12 51114“. 

Tabulæ noſtræ eo Die hanc [mmer/ionem repræſentant 55 18' 49”, Ob- 


ſervationes autem eodem Menſe habitæ in Obſervatorio Regio Pariſi Jeni oſten- 


dunt Tabulas retardafſe tunc Temporis 2“ 30". 
Quare fuit illa Immerſio Pariſiis gu 16“ 19“. Itaque Differentia Meridiano- 
rum inter Pekinum & Urbem Pariſienſem erit 76 34' 55”. 


Cum autem ex aliis Obſervationibus olim deducta fuerit eadem Meridia- 
norum Differentia 7h 36“. ſumi poterit 7 45. 


XXXI St. 5 alvadore in Brafil is in the Soutbern Latiznde of 129 4)“. 
XXXII. Bridge-T, OWN in Barbadves is in the Northern Latitude of 129 58, 


XXXIIL 1. I herewith fend you what F have received out of Muſcovy, 
' which is a New Map of Nova Zembla and Weigats, as it hath been diſcover'd 
by the expreſs Order of the Czar ; and drawn by a Painter, call'd Panelapo- 
Ri, who ſent it me from Moſeo for a Profin” by which it appears, that 
Nova Zembla is not an and, as hitherto it hath been believed to be; and 


that the Mare Glaciale is not a Sea, but a Sinus, or Bay, the Waters whereof 


are freſh : Which is the ſame with what the Tartars do alſo aſſure us, who 
have taſted theſe very Waters in the midſt of the Sinus. The Samojeds, 
as well as the Tartars, do unanimouſly affirm, that paſſing on the back of 
Neva Zembla, at a conſiderable Diſtance from the Shore, Navigators may 
well paſs as far as Japan. And *tis a great Fault in the En ghfþ and Dutch, 
that, ſeeking to get to Japan on the South-ſide of Nova Zembla, they have 


almoſt always paſs'd the /Yergats. 


The Letter O in the great River Oby marks the Place of a Cataract or 
Fall of Waters. The Letter K denotes the Conjunction of Zembla with the 
Coniinent, The River marked L runs from China, called Rilaie; which is 
not every where Navigable, by reaſon of the Rocks, and other Inconveni- 
ences that obſtruct the paſſing of Veſſels. Weigats itſelf is very difficult 
to paſs, becauſe of the great Quantity of Ice continually falling into it out 
of the River 055. 3 + that ſtreight Paſſage 18 A8 up. The Sa- 


mojed 


1 
mojeds go every Year a Fiſhing upon the ſaid freſh Sea, and that on Nova 
Zembla's ſide. 15 | | 
2, I formerly thought Nova Zembla had been a Continent : But I haven. 193. b. 494 
ſince been better informed, and retracted that Error. And, whereas the p 
late M. Vaſſius would needs perſuade himſelf, as well as he did others, to 
their Ruin, that there was a Paſſage to 7a by the North, and that the 
Tartarian Countries behind Nova Zembla did decline immediately towards 
the South ; I did always oppoſe it, and think I can even demonſtrate the 
Impoſſibility thereof. So that what he wrote, to encourage Mariners to 
that Attempt, was even directing them to the point of Death; as it after- 
wards enſued. Es 


XXXIV. What is noted with a ſingle Line, is exactly copied from the 4 Map of 
Map, which M. Sanſon, one of the molt illaſtrious G-ogrophers of this Age, [15 
preſented to the Dauphin, An. 1679. The Names of Cities, whoſe Situation D- La lie. | 
is alſo taken from this Map, are written in Italian Characters; the Correc-" £7 IE 
tion of the Poſition of Coaſts (which is deduced from the Obſervyarion: Mai, an. 167 
which were made to that End) is marked with a Stroke a little adowꝛ'd 
towards the Sea, as is commonly done; and the Names of Cities, whoſe 
Situation is corrected, are ſet down in Roman Characters. e 

The Degrees of Latiiude are marked on both ſides of the Border, and the 
Degrees of Longitude in the fame Border, above and below; but the Diviſion 
of them begins at the Meridian that paſſes thro* the OL/irvatory at Paris, 
by going to Eaſt and Weſt, and not at the Meridian of the Iſle of Fer, as 
hath been eſtabliſhed, becauſe we do not exactly know the Situation of this 


Iſland in reſpect of the Obſervatory, 


XXXV. 1, What Arithmetick, in whole Numbers and Fractions, as alſo What 4 com- 
in Decimals and Logarithms, is neceſſary for the fame : And what BOOKS Tes 
are beſt for Teaching ſo much thereof. 2. What Vulgar, Practical, Me-Hhould contain; 
chanical Geometry, performable by the Scale and Compaſs, is ſufficient, ? Ae 3 
3. What Trigonometry, right Lined and Spherical, will ſuffice. 4. How many Mar. An. 1003. 
| Stars are to be known. 5. What Inſtruments are beſt for Uſe at Sea, with 
the Conſtruction of them, and the Manner of uſing them. 6. The whole 
| Skill of the Magnet, as to the directive Virtues thereof, and all the Accidents 
that may befal it. 7. The Hydrography of the Globe of the Earth, the Per- 
ſpefive of the Coaſts, and the Deſcription of the under-water-bottom of the 
Sea. 8. The knowledge of Winds and Meteors, ſo far as the ſame is attain- 
able. 9. The Hiſtory and Skill of all forts of F:hings, 10. The Art of Medi- 
cine and Chirurgery, peculiar for the Sea, 11. The Common Laws of the 
Admiraily, and 7urijdiftion of the Sea, 12. The ſeveral Victuallings and 
Cloathings fit for Seamen. 13. The whole Science of Ebbing and lowing, 
as alſo of Currents and Eddies at Sea. 14. Dromomelry, and the Mealures of 
a Ship's Motions at Sea. 13. The Building of Shijs of all forts, with th: 
ſeveral Riggings and Sails for each Species, and the Uſe of all the Parts 
and Motions of a Ship, 16. Naval Occonemy, according to the ſeveral 
Voyages and Countries. 17. 1 8 75 Conning, Rowing and Sailing, of 

2 a 


(572 oh 
all the ſeveral ſorts of Veſſels. 18. The SAR. Fireworks and other 
Armatures peculiar to Sea and to Sea-Fights. 19. The 3 of Loading and 
Unloading the chief Commodities to the beft Advantage. The Art of 
weightng ſunk Ships and Goods, as alſo of Diving for funk Goods in deep 
Water. 21. The General Philoſophy of the Motion and Figures of the Air, 
the Sea, and of Seaſons ; of Timber, Iron, Hemp, Brimſtone, Tallo, &c. 
And of their ſeveral Uſes in Naval Affairs. 22. An account of 5 or 6 of 
the beſt Navies of Europe, with that of the Ar/enals, Magazines, Yards, 
Docks, &c. 23. An account of all the Shipping able to croſs the Seas be- 
longing to each Kingdom and State of Europe. 24. An account of all the 
chief Commercial Parts of the World ; with mention of what Commodities 
are originally carried from, and ultimately to, any of them. 25. An ac- 
count of the chief Sea-Fights, and all other Naval Expeditions and Exploits, 
relating to War, Trade, or Diſcovery, which have happened in this laſt Cen- 
tury. 26. Of the moſt advantageous Uſe of Tele/copes for ſeveral Purpoſes 
at Sea, 27. Of the ſeveral Depths of the Sea, and Heigbis of the Atmo/- 


Phere. 28. The Art of making Sea-water freſh * Potable, and fit for all 
Uſes in Food and Phyſick at Sea. 


The Colle F XXXVI. I. Tho it be well known, that, in the Terreſtrial Globe, all 

275 Divifie f the Meridians meet at the Pole, (as E P, E P, ) whereby the Parallels to 

. Phe Meridian the Equator, as they be nearer to the Pole, do continually decreaſe. 

| by Dr. Wallis. v. 2. And hereby a degree of Longitude in ſuch Parallels is leſs than a de- 

276. Þ- 1193. gree of Longitude in the Equator, or a degree of Latitude : 

Nov An, 1685, 3. And that in ſuch Proportion, as is the Co-Sine of Latitude (which is 
the Semidiameter of ſuch Parallel) to the Radius of the Globe, or of the 

Equator, 

4. Yet hath it been thought fit (for ſome Reaſons) to repreſent theſe Me- 
ridians, in the Sea- Chart, by parallel ſtraight Lines; as E p, Ep. 

5. Whereby, each Parallel to the Equator (as L A) was repreſented in 
the Sca-Chart, (as! a) as equal to the Equator EE; and a Deg. of Longi- 
tude therein, as large as in the Equator. 

6. By this means, each Degree of Longitude in ſuch Parallels was increa- 
ſed, beyond its juſt proportion, at ſuch rate as the Equator (or its Nan) 
is greater than ſuch Parallel, (or the Radius thereof.) 

7. But, in the Old Sea-Charts, the degrees of Latitude were yet repre- 
ſented (as they are in themſelves) equal to each other, and to thoſe of the 
Equator. 

8. Hereby, amongſt many other Inconveniencies, (as Mr. Ed. Wright ob- 
ſerves, in his Correction of Errors of Navigation, firſt publiſhed in the Year 
1599) the Repreſentation of the Places remote from the Equator was ſo 
diltorted in thoſe Charts, as that (for Inſtance) an and in the Latitude of 
60 degrees, (where the Radius of the Parallel is but half fo great as that 
of the Equator) would have its Length (from Eaſt to Weſt) in Compariſon 
of Breadth (from North to South) hrs in a double Proportion of 
What indeed it is. 8 


9. For 
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Por re eQtfying thisin ſome Meaſure, (and of ſome other Inconvenien- ? 


Ge Mr. Mer ght adviſeth, that (the Meridians remaining Parallel, as be- 


fore) the degrees of the Latitude remote from the Equator, ſhould at each 


Parallel be protracted in like Proportion with thoſe of Longitude. 


10. That is; as the Co-Sine of Lalitude, (which is the Semidiameter of | 
the Parallel) to the Radius of the Globe, (which is that of the Equator :) So 


ſhould be a degree of Latitude (which is every where equal to a degree of 
Longitude in the Equator,) to ſuch degree of Latitude fo protracted (at ſuch 
Diſtance from the Equator ;) and ſo to be repreſented in the Chart. 

11. That is, every where, in ſuch Proportion, as is the reſpective Secant 
( for ſuch Latitude) to the Radius. For, as the Co-Sine, to the Radius ; fo 
is the Radius, to the Secant of the ſame Arch or Angle; ors: R:: R: ſ. 

12. So that (by this means) the Poſition of each Parallel in the Char! ſhould 


be at ſuch Diſtance from the Equator, compared with ſo many EquinoCtial 


Degrees or Minutes, (as are thoſe of Latitude) as are all the Secants (taken 
at equal Diſtances in the Arch) to ſo many times the Radius. 


Fig. 207, 


13. Which is equivalent (as Mr. Wright there notes) to a Projection of - 


the Spherical Surface (ſuppoling the Eye at the Centre) on the Concave 
Surface of a Cylinder erected at right Angles to the Plane of the Equator. 
14. And the Diviſion of Meridians, repreſented by the Surface of a Cylin- 
der erected (on the Arch of Latitude) at Right Angles to the Plane of the 
Meridian (or a Portion thereof :) The Altitude of ſuch Projection (or Por- 
tion of ſuch Cylindrick Surface) being (at each Point of ſuch Circular Baſe) 
1 to the Secant (of Latitude) anſwering to ſuch Point. 
This Projection (or Portion of the Cylindrick Surface) if expanded 


inc a Plane, will be the ſame with a plain Figure, whoſe Baſe is equal to 


uadrantal Arch extended (or a Portion thereof) on which (as Ordinates) 
. erected Perpendiculars equal to the Secants, anſwering to the reſpective 
Points of the Arch ſo extended: The leaſt of which (antwering to the E- 
quinoctial) is equal to the Radius; and the reſt eee increaſing, till 
(at the Pole) it be infinite. 

16. So that, as ERSL, (a Figure of Secants erected at right Angles on 
EL, the Arch of Latitude wks. ) to ERRL, (a Rectangle on the ſame 
Baſe, whoſe Altitude ER is equal to the Radius; fo is EL ( an Arch of the 
Equator equal to that of Latitude,) to the Diſtance of ſuch Parallel, (in the 
Chart) from the Equator. 

17. For finding this Diſtance, anſwering to ah Degree and Minute of 
Latitud:, Mr. Wright (as the moſt obvious way) adds all the Secants (as 


Fig. 208+ 


Þg. 209. 


they are found calculated in the Trigonometrical Canon) from the Beginning 


to the Deg. or Min. of Latitude propoſed. 

18. The Sum of all which, except the greateſt, (anſwering to the Figure 
inſcribed) is too little: The Sum of all, except the leaſt, (anſwering to 
the circumſcribed) is too great; ( which is that he follows : 5 And it would 


be nearer to the Truth than eicher, if (omitting all theſe) we take the 


Intermediates 3 for Min. 2, 1z, 2z, 2, Fc. or (the double of theſe) Ni. 
I, 4. 5, 7, Sc. Which yet (becauſe on the Convex-ſide of the Curve) 
would be ſome what too little. 19. But 


Fig. 207 0 


Fig. 210, 


Hg. 212. 


Fig. 1115 


19. But any of theſe ways are exact enough for the Uſe intended, ag 


creating no ſenſible Difference in the Chart. 


20. If we would be more exact; Mr. Oughtred directs, (and fo had Mr. 


Morigbt done before him) to divide the Arch into Parts yet ſmaller than Mi- 


nutes, and calculate Secants ſuiting thereunto. 3 
21. Since the Arithmetick of Infinites introduced, and (in purſuance there- 


ot) the Doctrine of Infinite Series, (for ſuch Caſes as would not, without 


them, come to a determinate Proportion ;) Methods have been found for 


ſquaring ſome ſuch Figures. 


22. In order to a Quadrature for this Figure of Secants (by an infinite Se- 
ries fitted thereunto) put we, for the Radius of a Circle, R; the right Sine 
of an Arch or Angle, S; the verſed Sine, V; the Co-Sine, (or Sine of the 
Complement) = = R— VSV R- 8; the Secant, /; the Tangent, 


1. 


| R * | 
23. Then is 2: R:: R: /. That is, 2) R. ( ＋Z; the Secant. 
a, b_ 


24. And 2 8 :: R: T. That is, z) SR (T= Z; the Tangent. 
25. Now, if we ſuppoſe the Radius CP, divided into equal Parts, and 


each of them = R;) and on theſe, to be erected the Co-Sines of Lati- 


tude LA. EA MOD 8 
26. Then are the Sines of Latitude in Arithmetical Progreſſion. 
27. And the Secants anſwering thereunto, L/=—., 


28. But theſe Secants, (anſwering to the Right Sines in Arithmetical Pro- 
greſſion,) are not thoſe that ſtand at equal Diſtances on the Quadrantal 
Arch extended. Fig. 209. | 8 

29. But, ſtanding at unequal Diſtances (on the ſame extended Arch ;) 
Namely, on thoſe Points thereof, whoſe right Sines (whilſt it was a Curve) 
are in Arithmetical Progreſſion. As Fig. 211. 

30. To find therefore the Magnitude of RE L/, Fig. 209. which is the 
ſame with that of Fig. 211, (ſuppoſing E L of the fame Length in both; 
however the Number of Secants therein may be unequal) we are to conſider 
the Secants, tho at unequal Diſtances, Fig. 211. to be the ſame with 
thoſe of equal Diſtances in Fig. 210. anſwering to Sines in Arithmetical 
Progreſſion. CER, 5 

31. Now, theſe Intervals, (or Portions of the Baſe) in Fig. 211. are the 
ſame with the intercepted Arches, (or Portions of the Arch) in Fig. 210. 
For this Baſe is but that Arch extended. 


32. And theſe Arches, (in Parts infinitely ſmall) are to be reputed equiva- 


lent to the Portions of their reſpective Tangents intercepted between the 


ſame Ordinates. As in Fig. 210, 212. 


33. That is, equivalent to the Portions of the Tangents of Latitude. 
34. And theſe Portions of Tangents are to the equal Intervals in the Baſe, 
as the Tangent (of Latitude) to its Sine. 8 


„„ © 

35. To find therefore the true Magnitude of the Parallelograms, or Seg- 
ments of the Figure; we muſt either protract the Equal Segments of the 
Baſe, Fig. 210, (in ſuch Proportion as are the reſpective Tangents to the 
Sine) to make them Equal to thoſe of Fig. 211. 

36. Or elſe, (which is equivalent) retaining the equal Intervals of Fig. 
210, protract the Secants in the ſame Proportion. (For either way the In- 
tercepted Rectangle, or Parallelograms will be equally increaſed) as LM. 
Fig. 212. | | 

37. Namely, as the Sine (of Latitude) to its Tangents ; fo is the Secant, 
to a Fourth; which is to ſtand (on the Radius equally divided) inſtead of 
that Secant. | EE | 

SR „ | 
S: (:: *: R.): : : r = LM. - 

28, Which therefore are as the Ordinates in (what I call Arith. Infin, Prob. 
104.) Reciproca Secundanorum : Suppoſing =* to be Squares in the Order of 
Secundans. es : 

39. This (becauſe of =* =R»— S*; and the Sines S, in Arithmeti- 
cal hr. ee 1 W 8 (by Diviſion) into this Infinite Series: 

2 85 0 6 | | 
R: RT NN Ge. 

40. That 1s, (putting R = 1,) 148“ ＋ 84 ＋ Sf, Sc. 

41. Then, according to the Arithmetick of Iuſinites, we are to interpret 
8, ſucceſſively by 1 8, 2 8, 38, Sc, till we come to S, the greateſt. Which 
therefore repreſents the Number of all. 

And, becauſe the firft Member doth repreſent a Series of Equals, the 
ſecond of Secundans ; the third of Quartans, Sc. Therefore the firſt Mem- 
ber is to be multiplied by S; the ſecond by Z S; the third by r S; the 
fourth by S; c. 5 | BE - 

43. Which makes the Aggregate, S4 S S 35S +499, Ge. 

— EC LM. = | | . 

44. This, (becauſe Sis always leſs than R 1) may be ſo far continued, 
till ſome Power of S become ſo ſmall, as that it (and all which follow it) 
may be ſafely neglected. e 
45. Now, (to fit this to the Sa- Charl, according to Mr. Wrigbi's Deſign) 
having the propoſed Parallel (of Latitude) given; we are to find ( by the 
Trigonom?trical Canon) the Sine of ſuch Latitude; and take Equal to it, CI. 
= 8. And by this find the Magnitude of ECLM, Fig. 212. that is, of 
REL /, Fig. 211, that is, of REL, /, Lig. 209. And then, as RRLE (or 
ſo many times the Radius) to REL /, (the Aggregate of all the Secants 5 
ſo muſt be a like Arch of the Equator (equal to the Latitude propoſed, ) 
to the Diſtance of ſuch Parallel, (repreſenting the Latitude in the Char!) from 

the Equator : Which is the Thing required. 88 
46. The fame may be obtained in like manner, by tal ing the verſed Sines 
in Arithmetical Progreſſion. For, if the right Sines (as here) beginning ar 
the Equator, be in Arichmetical Progreſſion, as, 1, 2, 3, &c. Then will 
the 


5 5 ww ) 


the verſed Sines, beginning at the Pole, (as being 1 their Complements to 
| the Radius) be ſo allo, 

47. The ſame may be applied in like Manner, (tho that be not the 
preſent Buſineſs) to the Aggregate. of Tangents, (anſwering to the Arch di- 
vided into equal Parts. 

8 * 
48. For thoſe anſwering to the Radius ſo ae are ; (taking 8 
in Arithmetical Progreſſion.) 
49. And then inlarging the Baſe (as in Fig. 21 13 1 or the Tangent (as 
in Fig. 212.) in Proportion of the Tangent to the Sine; | 
8 Ly SR Ls 7,” SR* 
( : R) :: R 
TE: 
o. We have by DiviGion this Series, S+R+R + RE#R R 5, Se. 
51. That is, (putting R =1) S+S* + S*+S7 +59, Se. 

52, Which ( multiplying the e reſpective Members by 28, 18, ES, 48, 158, 

Sc.) becomes + S* + 181 28“ ＋ 18828 Fc. 
Which is the Aggregate of Tangents to the Arch whoſe right Sine is 8. 
53. And this Method may be a Pattern for the like Proceſs in other Caſes 
of like Nature. | 
— — þv XXXVII. The Line of Artificial Tangents, or the 6 Tangent 
6 Line, beginning at 45*, and taking every half Deg. for a whole one, is 
n. 23. f. 1j. found to agree pretty near with the Meridian-Line of the Sea-Chart, they 
Jun. An-16656, both growing, as it were, after the ſame proportion. But the Table of 
Meridional Degrees being calculated only to every ſexageſimal Minute of a 
Degree, ſhews ſome ſmall Difference from the /aid Logarithmical Tangent- 
line. Hence it may be doubted, whether the Difference do not ariſe from 
chat little Error which is committed by calculating the Table of Meridional 
Degrees only to every Minute. 
But, if a certain Rule could be produced, by which the Agreement or 
8 Diſagreement of the ſaid two Lines might be ſhewn, the Helix or Spiral 
Line of the Ship's Courſe would be reduced to a more precife Exactneſs 
than ever was pretended by any. 

The ſame Rule would alſo diſcover a far eaſier way of making Logarithms, 
than ever was practiſed or known; and therefore might ſerve, whenever 
there ſhould be Occaſion, to extend the Logarithms beyond the Number of 

Places that are yet extant. 

Moreover, ſuch a Rule would enable Men to draw the Meridian Thee 
Geometrically, that is, without Tables or Scales; which indeed might alſo 
be done by ſetting of the Secants of every whole or half Degree, if there 

were not this Inconveniency in it, (which is not in my Rule :) Thata Line 
compoſed of ſo many ſmall Parts, would be ſubje& to many Errors, eſpe- 
cally In a ſmall Compals. | 


8. 


2 The 


. 
The ſame Rule will alſo ſerie to find the Courſe and Diſtance between 
two Places aſſigned, as far as Practice ſhall require it; and that without any 
Table of Meridional Parts, and yet with as much Eaſe and Exactneſs. 
And, ſeeing all theſe things do depend on the Solution of this Queſtion, 
Whether the Artificial Tangent Line be the True Meridian Line; it is therefore 
that I undertake, by God's Aſſiſtance, to reſolve the ſaid Queſtion, And, to 
let the World know the Readineſs and Confidence I have to make good this 
Undertaking, I am willing to lay a Wager againſt any one or more Perſons 
that have a Mind to engage, for ſo much as another Invention of mine 
(which is of leſs Subtilty, but of a far greater Benefit to the publick) may 
be worth to the Invenlor. 5 
As for the great Advantage, that all Merchants, Mariners, and conſequently 
the Common-Wealth, may receive from this other Invention, it is, in my Judg- 
ment, highly valuable, ſeeing it will oftentimes make a Ship fail, tho, ac- 
cording to the common way of Sailing, the Wind be quite contrary, and yet 
as near to the Place intended, as if the Wind had been favourable : Or, if 
you will, it will enable one to gain ſomething in the intended Way, whether 
the Wind be good or no, (except only when you go directly So! or North) 
but the Advantage will be moſt where there is molt need of it, that is, when 
the Wind is contrary : So that one may very often gain a fifth, fourth, third 
Part, or more of the intended Voyage, according as it is longer or ſhorter, 
viz. always more 1n a longer . where the Gain is more conſiderable, 
and more welcome, not only by ſaving Time, but alſo Victuals, Water, 
Fuel, Mens Health, and ſo much Room in the Ship. 


XXXVIII. It was firſt diſcovered by chance, and, as far as I can learn, Tosi 
firſt publiſhed by Mr. Henry Bond as an Addition to Norwood's Epitome of Na- Tangents to the 


2 4 - = o M di * 
vigation, about 50 Years ſince, that the Meridian Line was analogous to a Scale 1 


of Logarithmick Tangents of half the Complements of the Latitudes. 133 
For the Demonſtration of that Propoſition, it is requiſite to premiſe theſe 2. 2. Feb. A 
four Lemmata. . 


Lemma 1. In theStereographick Projection of the Sphere upon the Plane of the 
Ægquinoctial, the Diſtances from the Centre, which in this Caſe is the Pole, are 
laid down by the Tangents of half thoſe Diſtances; that is, of half the Comple- 
ments of the Latitudes. This is evident from Eucl. 3. 20, 
Lemma 2. IntheStereographick Projection, the Angles, under which the Circles 
interſect each other, are in all Caſes equal to the Spherical Angles they repreſent ;, 
which is a very valuable Property of this Projection. ER 8 
Demonſt. Let EPBL be any great Circle of the Sphere, E the Eye placed Fs 213. 
in its Circumference; C its Centre, P any Point thereof; and let FCO be 
ſuppoſed a Plane erected at Right Angles to the Circle EP BL, on which 
F C O we deſign the Sphere to be projected. Draw EP croſſing the Plane 
F Co in, and p ſhall be the Point P projected. To the Point P draw the 
Tangent APG, and on any Point thereof, as A, erect a Perpendicular AD, 
at right Angles to the Plane EPBL, and draw the Lines PD, AC, DC; and 
the Angle APD ſhall be equal to the Spherical Angle contained between the 
Vol. I. E eee | Planes 


Tig. 214. 


di d. ſup. Cap, I. 
KXXVIII. 


. 
Planes APC, DPC. Draw allo AE, DE, interſecting the Plane FCO in the 
Points a and d; and join a d, p d: I ſay, the Triangle a dp, is ſimilar to 
the Triangle ADP; and the Angle à p d equal to the Angle APD. Draw 
PL., AK, Parallel to FO; and, by reaſon of the Parallels, a p will be to a d, 
as A K, to AD: But, (by Excl. 3. 32.) in the Triangle AKP, the Angle 
AKP=LPE, is alſo equal to APR EPG: wherefore the Sides AK, AP, 


are equal; and 'twill be, asap toad, ſo AP to AD. Whence the Angles 


DAP, dab, being right, the Angle APD will be equal to the Angle apd ; 
that is, the Spherical Angle is equal to that on the PY jection, and that inal! 
Caſes. Q. E. D. : 

This Lemma ] lately received from Mr. Ab. de Moivre, tho I ſince un- 
derſtand from Dr. Hao, that he long ago produced the fame thing before 
the Society. However, the Demonſtration, and the reſt of the Diſcourſe is 
my own. | : . 

14 3. On the Globe, the Rhumb Lines make equal Angles with every 
Meridian, and, by the foregoing Lemma, they muft likewiſe make equal 
Augles with the Meridians inthe Stereographick Projection on the Plane of the E 


quator : They are therefore in that Projection, Proportional Sjirals about the 


Pole Point. 5 „ 

Lemma 4. In the Proportional Spiral it is a known Properly, that the An- 
gles BPC, or the Arches BD, are Exponents of the Rationes of BP to PC : For, 
if the Arch BD be divided into innumerable equal parts, Right Lines drawn 
from them to the Centre P, ſhall divide the CurveBccC into an Infinity 
of Proportionals between PD and PC, whoſe Number is equal to all the Points 
d, d, in the Arch BD: Whence, and by what I have delivered concerning 


the Conſtruction of Logarithms, it follows, that, as BD to Bd, or, as the Angle 


BPC, to the Angle BP c, ſo is the Logarithm of the Ratio of PB to PC, to 
the Logarithm of the Ratio of PB to Pc. ; | 

From theſe Lemmata our Propoſition is very clearly Demonſtrated : For, by 
the Firſt, PB, Pc, PC, are the Tangents of half the Complements of the Lati- 
tudes in the Stereographick Projection: And, by the Laſt of them, the Diffe- 
rences of Longitude, or Angles at the Pole betweenthem, are Logarithms of 
the Rain ofthak Tangents one to the other. But the Nautical Meridian 
Line is no more than a Table of the Longitudes, anſwering to each Minute of 
Latitude on the Rhumb Line, making an Angle of 45 Degrees with the Meri- 
dian. "Wherefore, the Meridian Line is no other than a Scale of Logarithmick 
Tangents of the Half Complements of the Latitudes. Q. E. DP). 

Corol. 1. Becauſe that in every Point of any Rhumb-Line, the Difference 


of Latitudes is to the Departure, as the Radius to the Tangent of the Angle 


that Rhumb makes with the Meridian; and thoſe equal Departures are every 
where to the Differences of Longitude, as the Radius tothe Secant of the La- 
'itudez it follows, that the Differences of Longitude are, on any KRhumb, Lega- 


r1:bms of the ſame Tangents, but of differing Species; being proportioned: 


do one another, as are the Tangents of the Angles made with the Meri- 
dans. . | . i 


Corol. 2. 


6579) 

Corol. 2. Hence any Scale of Logarithm Tangents (as thoſe of the vulgar 
Tables made after Briggy's Form; or thoſe made to Nafier's, or any other 
Form whatſoever) is a Table of the Differences of Longitude, to the ſeveral 
Latitudes, upon ſome determinate Rhiinb or other: And therefore, As the 
Tangent of the Angle of ſuch Rhumb, to the Tangent of any other Rhumb; 
ſo the difference of the Legarithms of any two Tangents, to the difference 
of Longitude on the propoſed Rhumb, intercepted between the two Lati- 
tudes, of whoſe halt Complements you took the Logarithm Tangents. 


Now the momentary Augment, or Fluxion of the Tangent- Lime at 4.5 Degrees, 
is exactly double to the £lux:on of the Arch of the Circle, (as may eafily be 


proved) and the Tangent of 459 being equal to the Radius, the Fl::xioz alſo 
of the Legarithm Tangent will be double to that of the Arch, if the Logarithm 
be of Naſ ier's Form: But, for Briggs's Form, it will be as the ſame doubled 
Arch multiplied into 0,43429, &c. or divided by 2,30258, Cc. yet this 
muſt be underſtood only of the Addition of an indiviſible Arch, for it ceaſe- 
to be true, if the Arch have any determinate Magnitude, 

Hence it appears, that, if one Minute be ſuppoſed Unity, the Length of 
the Arch of one Minute being 0,000290888208065721596154, Sc. in parts 
of the Radius, the Proportion will be as Unity to 2,908882,07c. So Radius 
ro the Tangent of 719 1' 42”, whoſe Logarithm is 10,4637 26117207 18— 


325204, &c. and under that Angle is the Meridian interſected by that Rhumb- 


lane, on which the Differences of Napier's Logarithm Tangents of the Half 
Complements of the Latitudes are the true Differences of Longitude, eſti- 
mated in Minutes and Parts, taking the firſt 4 Figures for Integers. But 
for Flacg's Table, we muſt ſay, 33 5 

As 2302585, Ce. to 2908882, Sc. fo Radius to 1, 2633 114387244 
569212, Sc. which is the Tangent of 31 38“ 9”, and its Logarithm 10, lo- 
15 10428 507720941162, Cc. Wherefore in the Rhumbeline, which makes an 
Angle of 519 38” 9“ with the Meridian, Hacg's Logarithm Tangents are the 
true Differences of Longitude. And this, compared with our /econd Corolla- 
ry, may ſuffice for the Uſe of the Tables already computed. | 

But, if a Table of Logarithm Tangents be made by Extraction of the Root of 
the infiniteth Power, whoſe Index is the Length of the Arch you put for Uni- 
ty, (as for the Minutes the 0,0002908 88 205, Sc. Power) which we will call a; 
ſuch a Scale of Tangents ſhall be the true Meridian Line, or Sum of all the 


Secants taken infinitely many. Here the Reader is deſired to have Recourſe v ſup. Cap, 


to my little Treatiſe of Logarithms, that I may not need to repeat it. By“ 


what is there delivered it will follow, that putting 7 for the Exceſs or De- 
fect of any Tangent above or under the Radius or Tangent of 459 ͤ the Lo- 
garithm of the Ratio of Radius to ſuch Tangent will be 


1. 5 | 
— into ti FIG —£1+ +315, &c. 
when the Arch is greater than 459, or 


13 f 1 . 
rieren &. 
: 3 977 2 wood res, ore on 


XXVIII. 


( 580 ) 


when it is leſs than 459. And by the ſame Doctrine putting T for the 
Tangent of any Arch, and : for the Difference thereof from the Tangent of 


| | . | 6 3 IP [ tt 
another Arch, the Logarithm of their Ratio will be — into 1 2, In 


95 14 + | 
+ "7 FTE Sc. when T is the greater Term; Or, 
3 41 - 
* 7 j* EF: 3 ts 
= UNO = —— To 


a os Fa 4T* | 5 T* Sc. when T is the leſ- 
ſer Term. 


And, if m be ſuppoſed, o, oo0 2908882, &c. = « its reciprocal —will be 


3437,7467707849392526, Cc. which multiplied into the aforeſaid Series 
ſhall give preciſely the difference of the Meridional Parts between the 
two Latitudes, to whoſe half Complements the aſſumed Tangents belong. 

Nor is it material from whether Pole you eſtimate the Complements, whe- 


ther the elevated or depreſſed ; the T angents being to one another in the 
ſame Ratio, as their Complements, but inverted. | 


In the ſame Diſcourſe I alſo ſhewed, that the Series may be made to con- 
verge twice as ſwift, all the even Powers being omitted; and that putting - 


for the Sum of the two Tangents, the ſame Logarithm would be— As 2 


into — T == —F , &c. but the Ratio of 7 to c, or of 
bp T CEL | | Ts | | : 
he Sum of two Tangents to their Difference, is the ſame as that of the 


Sine of the Sum of the Arches, to the Sine of their Difference. Wherefore, 
if S be put for the Sine Complement of the middle Latitude, and s for the 


Sine of half the Difference of Latitudes, the ſame Series will be — into 


4 7507 4 FIT 4+ 787 +757 „Sc. wherein, as the Differences of 


| 


( 581 ) 
The ſame Ratio of r to t may be expreſſed alſo by that of the Sum of 
the Co-fines of the two Latitudes, to the Sine of their Difference: As like- 
wiſe by that of the Sine of the Sum of the two Latitudes, to the Difference 
of their Co- ſines: Or by that of the verſed Sine of the Sum of the Co-Lati- 
tudes, to the Difference of the Sines of the Latitudes : Or as the fame Diffe- 
rence of the Sines of the Latitudes, to the verſed Sine of the Difference of the 
Latitudes; all which are in the ſame Ratio of the Co- ſine of the middle Lati- 
tude, to the Sine of half the Difference of the Latitudes, As it were eaſy to 
demonſtrate, if the Reader were not ſuppoſed capable to do it himſelf, upon 
the bare Inſpection of a Scheme duly repreſenting theſe Lines. Es 


This variety of Expreſſion of the ſame Ratio I thought not fit to be omit- 


ted, becauſe by help of the Rationality of the Sines of 30®, in all Caſes 
where the Sum or Difference of the Latitudes is 30, 609, go, 1209, or 
150? ſome one of them will exhibit a ſimple Series, wherein great Part of 


the Labour will be ſaved. But the former ſeems for all Uſes the moſt con- 


venient, whether we deſign to make the whole Meridian. Lines, or any Part 


6 e ee eee i Wiki 
thereof, vir. — into 8 ＋ 357 557 7s erein a 


in your Meridional Parts (whether it be a Minute, League or a Degree, or 
any other) S the Co-ſine of the Middle Latitude, and s the Sine of half the 
Difference of Latitudes; but, the Secanis being the Reciprocals of the Co-ſine 


is the Length of any Arch, which you deſign ſhall be the Integer or Unity 


vill be equal to [ſs putting / for the Secant of the Middle Latitude; and 
3 2 | | 


2 5 ſs 


27 2 


a * 3 . 


344.9 
5 rrrr 
ſo forward till you have compleated as many Places as you deſire. But, the 
Sguares of the Sines being in the fame Ratio with the verſed Sines of the dou- 


will give the ſecond Step; and that again by 


Tz 8 | 1 — 
ple Arches, we may inſtead of 785 aſſume for our Multiplicator V. or the 


verſed Sine of the Difference of the Latitudes divided by thrice the verſed 


Sine of the Sum of the Co-Lalitudes &c. which is the utmoſt Compendium 


I can think of for this Purpoſe and the fame Series will become — into 1 


| 
Uh, q) | V 3 <Q} 4 ö | | i 

IL —- —-+—— +——. Hereby we are enabled to eſtimate the 
+ 7 tote Toy: 7 ; 
Default of the Method of making the Meridional Line, by the conti- 

nual Addition of the Secants of equi-different Arches, which, as the 
Differences of thoſe Arches are ſmaller, does ſtill nearer and nearer 2 

| 2 proac 


1 | 5 3 | L 5 ſ[ss: | 
— into— will be S This multiplied by 755 that is by FOR 


the third Step; and ; 


— 
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proach” the Truth, It we aſſume, as Mr, #T:g44.did, the Arch of one 
Minute to be Unity, and one Minute to be the common Difference of a 
Rank of Arches 3 it will be in all Cafes, as the Arch of one Minute to its 
Chard, ſo the Secant of the middle Latitude to the firſt Step of our Se- 
ries. This by Reaſon of the near Equality between @ and 2 5, which are to 
ane another in the Ratio of Unity to 1 — 0,0000000035 2566457712, Sc. 
will not differ from the Secant /, but in the 9% Figure; being leſs than it 


G3 LAS. 5 nne EC DOTS... 
in that Proportion. The next Step being + EPYT be equal to the 


e "pes , 3 2 549 
Cube of the Secant of the middle Latitude multiplied into —— == 0,0000- 


0000705 132908715; which therefore, unleſs the Secant exceed ten Times 
| Radius, can never amount to 1 in the fifth Place, Theſe two Steps ſut- 

fice to make the Meridian Line, or Logarithm. Tangent, to far more Places 
than any of natural Secants yet extant, are computed to; but, if the 
third Step be required, it will be found to be + / int o, ooooo. 


 0000000000089498'z by all which it appears that Mr. Wrigbi's Table does 
no where exceed the true Meridian Parts by fully half a Minute; which ſmall 
Difference ariſes by his having added continually the Secants 1“, 2', 30, Se. 
inſtead of 07”, 13, 23", 32, Fc. But, as it is, it is abundantly ſufficient for 
Nautical Uſes. That in Sir Fonas Moor's New Syſtem of the Mathematicks js 
much nearer the Truth; but the Difference from Wright is ſcarce ſenſible, 
till you exceed thoſe Latitudes where Navigation ceaſes to be practicable ; the 
one exceeding the Fruth about half a Minute, the other being a very fmall 
Matter deficient therefrom. - ke . 
For an Example eaſy to be imitated by whoſo pleaſes, I have added the 
true Meridional Parts to the firſt and laſt Minutes of the Qyadraxt, 
The Firſt Minute, T, ooo 410263862178. | 
The Second, 2,0000000564 063806707. ” 
Ihe Laſt, or 89% 59“. 30374,903431141422864.3, and nat 32348, 
5279, as Mr. Wright has it, by the Addition of the Secants of every whole 
Minute: Nor 30249, 8, as Mr. Oughtradis Rule makes it, by adding the Se- 
cants of every half Minute. Nor 3036433; as Sir Jonas Moor had conclu- 
ded it by I know NN has een tho in the reſt of his Table he fol- 
lows Oughtred, „„ r 
In The fame may be deduced independently from the Arch itſelf. For if the 
Latitude from the Equator be eſtimated by the Length; of its Arch A, Radius 
being Unity, and the Arch put for an Integer be a, as before the Meridional 


Paris anſwering to that Latitude will be - into A, += AT—+ 8 A 5 ok 


NY 5 * bas . d | * 5 ; 7 
5 4+ ” . * | b ; F ” . * 60 * 


-@[Þ| 


1 a "To 1 5 
3 1 7 — — 9 * 128 * 98 CF 3 we * ; | : F 
"4 A” or ==: A“ + 5 A“ or 852005 A“ Ge. which converges much 


60 136% 1; | | 
ſwifter than any of the ner Series, and beſides has the Advantage of A in- 
creaſing in Arithmetical Progreſſion; which would be of great Eaſe if any 
ſhould undertake de novo to make the Logarithm Tangents, or the Meridian- 
line to any more Places than now we have tllem; the Logarithm Tan gent 
to the Arch of 45% ＋ A being no other than the aſoreſaid Series A + 


＋ A ＋ 4 A', Cc. in Napier's Form, or the ſame multiplied into o, 43- 


429, Sc. lor Briggs's. 5 

But, becauſe all theſe Series towards the latter End of the Quadrant do 
converge exceeding ſlowly, fo as to render this Method almoſt uſeleſs, or at 
leaſt very tedious : It will be convenient to apply ſome other Arts, by aſſu- 
ming the Secants of ſome intermediate Latitudes; and you may for 5, or the 
Sine of u, the Arch of half the Difference of Latitudes, ſubſtitute a— $ a? 4 
giving the Sine from the Arch; and, if à be no more than a Degree, a 
very few Steps will fuffice for all the Accuracy that can be deſired. | 


And, if a be commenſurable to a, that is, if it be a certain Number of 


thoſe Arches which you make your Integer, then will = be that Number, 
which if we call z, the Parts of the Meridional Line will be found to be 


” | 
F 
N a2 Ja „ 
— ——— — — Sc. 
fn | 0 #7 r 6 7 6 x 29 N 
— into 4 
1 | * 
| + — ＋ , Ec. 
| 5207 360 r # 
145 mb 
N | — Se. 
50H 


In this the firſt two Steps are generally ſufficient for nautical Uſes, eſpecially 
when neither of the Latitudes exceed 60 Degrees, and the Differences of 


Latitudes do not paſs 30 Degrees. 4 + 1 
To conclude, I ſhall only add, that Unity being Radius, the Co-ſine of the 


Arch A, according to the fame Rules of Mr. Newton, will be 1 — f A“ 


; | |; 10 4 . ; | 
F A“, Se. from which and 
720 30320 « 3628860 


| Es the: 


L040) — 3353 0 Jia, Sc. according to Mr. New!on's Rule for 
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the former Series exhibiting the Sine by the Arch, by Diviſion it is eaſy to 
| I 4 

conclude, that the natural Tangent to the Arch A is A +F A +7 A 


+ =, A“ + 2255 A', Sc. and the natural Secant to the fame Arch 1 + 


A- +5A+ + ATT A, Sc. And from the Arithmetick 
* 1 5 | 


720 ER 
of Inſinites, the Number of theſe Secants being the Arch A, it follows, that the 
Sum total of all the Infnite Secants on that Arch is AT A! + - As 


12 A? + A?, Sc. the which, by what foregoes, is the Loga- 


5040 72576 


rithm Tangent of Napier's Form, for the Arch of 45 ++Z A, as before. 
And collecting the infinite Sum of all the natural Tangents on the ſaid 
A, ill ariſe 1 4 K. L A A J 2 2 
Arch A, there will ariſe Z A A+ 22 A ＋ r ASL A + A 


2520 14175. 


A's, Sc. which will be found to be the Logarithm of the Secant of the 
ſame Arch KA. | 


To find the va XXXIX. The Height of the Pole, and the Sun's Declination being 


Ce Lat de; known, a large Ring- Dial, truly wrought, having a Box with a Compaſs or 


by. . n. 24 Needle fixt to its Meridian below, may go as near as any other Inſtrument, 
3 Apr. An. to ſhew the Variation of the Needle at Sea, For, when it is ſet to the juſt 
Hour and Minute of the Day, the Meridian of it ſtands juſt in its due 
Place; and ſo ſhews how far the Needle varies from it, as exactly as the 
Largeneſs of the Card will permit. . 
But, becauſe theſe Dials are ſo rarely juſt, Sc. tho they may be uſed 
and taken notice of, yet they are not to be relied on. The Thing therefore 
is to be performed, as followeth: „ 
Find out the Sun's Azimuthal diſtance from the Meridian ſome Hours be- 
fore or after Noon, and then its magnetical Azimuth, or diſtance from the 


Meridian pointed at by the Needle; and the difference of thoſe two diſtances 
is the variation of the Needle, 


To find the Sun's true Azimuth, or by how many Degrees, Sc. of the 
Horizon, itis diſtant from the Meridian : Its Declination, its Altitude, and 
the Elevation of the Pole, muſt all three be known ; and thence the true A- 
zimuth may be eaſily calculated. The true Azimuth of the Sun being thus 
found, and the magnetical Azimuth of it, according to your Needle, being ob- 
ſerved, ſubtract the leſſer Number from the greater, and the 1 is 
the Variation of the Needle. If the magnetical Azimuth be leſs than the o- 
ther, then the Variation is towards the ſame ſide of the Meridian, where the 
Sun is; if greater, on the other. = 


To 


3 (585 ) 

To obſerve the San's Azimuth by the Needle, and the Needle's Variation, 
to Degrees, any Needle long enough to afford upon a Card under it a Circle 
divided into Degrees, put into a ſquare Box, after the ordinary manner of 
Clinatories, will ſerve turn; by placing the Box ſo, as the Sun may ſhine up- 
on any two oppoſite ſides of it, at the fame time when the Sun's Height, 
Sc. are taken. For then the Needles Diſtance from the Diameter ot the 
Circle on the Card, that is parallel to thoſe Sides, is the Magnetic Azimuth” 
required. | | | 

The ſame may be done with an ordinary Sea-Compaſs, ſo it have a Circle 
towards the Limb of the Card, divided into degrees, by faſtning a ſmall 
Thread, Lute-ſtring or Wire (not of Iron) ſo upon it, as to pals juſt over 
the Centre of that Circle; and placing a ſtrait Piece of Wood or Braſs-wire 
perpendicular on the Edge of the Box at the end of the Thread, and turning 
it to the Sun till the Shadow of it fall juſt upon the Thread: Then obſerve 
what Degrees of the Circle on the Card the 'Thread cuts, by looking plum | 10 
upon it; and that is the Sun's Magnetical Azimuth, J 

But to have the Variation to Degrees and Minutes, (which 1s moſt deſireable) 
then the Obſervation laſt mentioned muſt be made with a Quadrant, Sextant, 
or ſome ſuch other Inſtrument, ſo large as to admit of the Diviſion of a 
Degree into Minutes : which will require the Radius to be about 3 Foot; the 
larger the better. If a Quadrant; then, it being laid flat, and the ſquare Box 
with the Needle placed upon it, move the Quadrant to and again, till that fide 
of it, on which the Box is placed, lie parallel to the Needle when at quiet: 
Then the Sight of the Quadrant being (11d along the Limb of it, till the Sun 
ſhine on both its ſides at the ſame time, the Mid-line, that divides equal- 
iy the Sight, when the Sun ſhines upon it through the Slit, will mark the 
Degree and Minute of the Sun's Magnetical Azimuth, All which is eaſy to be 
put in Practice. ie | 
To find this Variation by the Stars, is to eaſy, that every Maſter can 
Go. - | 5 N 

XL. It is a received Error, in the Practice of obſerving the Variation at re 
Sea, to take it by the Amplitude of the Ri/irg and Sziting Sun, when his Cen- Variation at Ser, 
tre appears inthe Viſible Horizon, whereas he ought to be obſerved when 1 
his Under-Limb is ſtill above the Horizon about 3 of his Diameter, or 20 5.571. Od. As. 
Minutes, upon the Score of the NHHadtion, and the Height of the Eye of““ 
the Ob/erver above the Surface of the Sea : Or elſe they are to work the Am- 
Zlitude as they do the Azimuth, reckoning the Sun's Diſt. from the Zenith 

9230 5 | 

g This though it be of little Conſequence near the Equinoctial, will make 
a great Error in High Latitudes, where the San riſes and ſets obliquely. 
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XLI. The Latitndes of the Lizard and Scilly, are laid down too far 1 
Northerly by near 5 Leagues: For, from undoubted Obſervarticn, the Li- one e 
zard lies in 495 55', the middle of Scilly due Weſt therefrom, and the South e Englith 


Part thereof neareſt 49% 50', Whereas in moſt Charts and Books of Ir Haley, a 
0 FFA Na. 267. P. 725. 


Nov. Ann. 170 


* 586) 


Navigation they are laid down to the Northward of 30%, and in ſome full 
502 10', Nor was this without a good Effect, as long as the Variation con- 
tinued Eaſterly, as it was when the Charts were made. But ſince it is become 
conſiderably Weſterly, (as it has been ever ſince the Year 1657.) and is at 
preſent about 7 x Deg. all Ships ſtanding in, out of the Ocean, Eaſt by the 
Compaſs, go two thirds of a Point to the Northward of their true Courſe, and 
in every 80 Miles they fail, alter their Latitude about 100. So that if they miſs 
an Obſervation for two or three Days, and do not allow for this Variation, 
they fail not to fall to the Northward of their Expectation, eſpecially if they 
reckon Scilly in above 509, and to run up the Briſtol Channel, not without 
great Danger of all, and the Loſs of many of them. This has been by ſome 
attributed ro the [ndraught of St. George's Channel: But, the Variation being 
allowed, it hath been found, that the ſaid Indraugbi is not ſenſible. It is 
therefore recommended to all Maſters of Ships, that they ſteer two Watches 
E. by S. for one E. which will exactly keep their Parallel; as alſo, that they 


come in, out of the Sea, on a Parallel not more Norherly, than 499 400, 
which will bring them fair by the Lizard. 9s 


XIII. Papers of Leſs General Uſe, omitted. 


Pendulum Wars Mr. Oldenburg having publiſhed from Journal de Scavans, an Account of M. 

ches. n. 118. p. Hugen's Portable Watches, Dr. Hook, in the Poſtſcript to his Deſcription of He- 

25 _—_ v. lioſcopes, complains of it, for not having taken Notice, That this Invention 

148. » „10. 4ſt. found out by an Engliſhman, and long ſince publiſhed to the World. To 

er 5 74g. this Mr, Oldenburg anſwers, by relating the Plain Truth of the Matter: Where- 
© upon Dr. Hook, in a Poſtſcript to his Lampas, further complains, and re- 

flects on Mr Oldenburg's Integrity and Faithfulneſs in his Management of the 
Intelligence of the Royal Society. This gave Occaſion to the Council of that So- 

ciety to declare, That Mr. Oldenburg had carried himſelf Faithfully and Ho- 

neſtly, and given no juſt Cauſe of ſuch Refleftions: To which Mr. Oldenburg adds 

Part of a Letter from Mr. Hugens to him, Offering (if Mr. Oldenburg be- 

lieves a Patent in England might be worth ſomething) all he might there pretend to. 


So that if Mr. Oldenburg had a Deſire to take out a Patent, it was for no 
other Contrivance than Mr. Huger's. 


XLIII. Account of Books and Emendations omitted. 


v. 237. f. 6790, 1, Volumen Primum Geographorum Gr. Minorum. Oxon, in $v0. 


n. 231. f. 6911 2. Dionyſii Periegeſes, Grace & Latine, cum Scholiis Gr. tam Editis quam 
Ineditis. Cura Edw. Thwaits, M. A. Oxon. in 8 vo. 


n- 91. 2. 51722 3. Bernhardi Vareni, M. D. Geographia Generalis; aucta & illuſtrata ab 

| Thaaco Newtono, R. S. S. Cantab. 1672. in 8 vo. 

v. 231. f. 666. 4. Philippi Cluverii Introductio in Univerſam Geograpbiam, tam Veterem 
quam Novam : Tabulis Geographicis 46. ac Notis olim ornata, a Joanne Bu- 
none; jam vero locupletata Additamentis & Annotationibus Jo. Frid. Hekelii 

& Jo. Reeiskii, Amſt. 1697. in 410. 


En | 5. Geo- 


(3? 1 

5. Geography Analomiʒ'd; or a Compleat Geographical Grammar, Being au. 256. f. 335: | 
ſhort and exact Analyſis of the whole Body of Modern Geography, after a 
New and Curious Method ; by Pat. Cordon M. A. F. R. S. The Second 
Edition. 

6. An Account of the Meaſure of a Degree of a Great Circle of the Earth ," u l. 46% 
by M. Picart. Paris. 167 1. Fol. Tranſlated into Engliſh ; by Mr. Waller, R. S. u. thy: f. 78. 
Sec. Lond. 168 7. This Book is here abridgd, and the Sum of the whole amounts 
in ſhort to this, M. Picart meaſured on a Plain and flraight Ground a ſpace of 
5663 Toiſes, 10 ſerve for the firſt Baſis to divers Triangles , by which he hath 
concluded the Length of a Meridian Line equivalent io a Degree of Latitude, 5 
to be 57060 Toiſes or Fathoms, that is, 28 * Leagues and 60 Toiſes. e 

7. The Seaman's Practice; by Mr. Richard Norwood, Lond. 1636. in 410. 

The Meaſure of a Degree is here extracted from that Book, Mr. Norwood, An. 

1635. having actually meaſured, for the moſt Part, the Way from York to London, 

and having obſerved the Meridian Altitudes of the Sun in both Places, he found 

the Difference of Latitude to be 20 28', and the Diſtance of their Parallels 

905751 Engliſh Feet; and therefore one Degree of a Great Circle is 367196 

Feet, or Numero Rotundo 365200 Feet, which is equal to 69% Engliſh Miles, 

and 14 Poles; I hereas the French make it no more than 365000 ſuch Feet, 

8. Longitude found; by Hen. Bond, Sen. Lond. 1676, in 40. A Miſtake 
in that Book is here corrected. | = 

9. A Book publiſhed by Mr. Fo. Moxon, deſcribing a new ſort of Ter- , Rn 
reſtrial Globes, invented by the E. of Caſtlemain. | 3 

10. The Engliſh Atlas. Oxford, for Moſes Pitt. 1680. Fol. 5 öl. a. 28. 
11. A New Map of England, full 6 Foot Square, wherein Computed and b. 35. . 
Meaſured Miles are entered in Figures; by Mr, 70. Adams. 3 

12, A large and curious Map of Great Tartary ; by M. Nich. Witſon. Ne 193. P. 492. 
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Stones fit fo (|. 7 L HERE is a fort of grey Freeſtone at Paris, every where on the 
Building; by South fide of the River Sein, which is of a reaſonable coarſe 
7. 53. 7. G6: Greet, and ſo ſoft when firſt taken out of the Qarr), that 'tis 
Apr. An. 1673. reſt and hewn with broad ſharp Axes, almoſt as eaſily as dried Clay, but 
grows harder and harder in the Air; 'tis very durable, and exceeding fit for 
Building. The Portland Stone is of a fine Chalky Greet, fit for all curious 
hewn and carved Work, tho not fit for Water or Fire. On the contrary, 

the Freeſtone in Kent, of a whitiſh grey Colour, laſts well in Air and Water; 

the Greet thereof leſs fine and chalky than that of Portland. The Derbyſbire 

Freeſtone, tho it endure the fierceſt Fire, is yet brittle, and fo unfit for fine 

and curious Workmanſhip. 

8 II. 1. Take the thin cleft Stone, Slat or Shindle, and ſo knock it againſt 
for covering any hard Matter, as to make it yield a Sound; if the Sound be good and 
— on clear, that ſort of Stone is not crazy, but firm and good. Or, 
n. go. f. 1099- 2. If in hewing it does not break before the Edge of the Seis, (the Hewin 
Avg: An. 1669. Inſtrument of the Slatters) you may not much doubt of the Firmneſs of the 
| Slate. But, 1 8 | 


3. If after it hath been exactly weighed (and the Accompt thereof laid by) 
it be put, and for 2, 4, or 8 Hours left to remain all under Water in a 
Veſſel; and afterward taken up and wiped very clean with Cloths, if then 
it weigh more than before, tis of that kind which imbibes Water, and there- 
fore not ſo fit to endure any conſiderable time without rotting the Lathes 
and Timber. 1 ons 
4. Theſe Stones may be pretty well gueſſed at, whether they be of a 
cloſe or looſe Texture, by their Colour : For the over blackiſh Blue is apteſt 
to take in Water ; but the lighter Blue is always the firmeſt and cloſeſt. 
To which may be added the Touch; for a good Stone feels ſomewhat 
hard and rough ; whereas an open Stone feels very ſmooth, and as it were 
Oily. | 3 
7 Place your Stone long-ways perpendicular in the midſt of a Veſſel of 
Water, (no matter how ſhallow the Water be, ſo it exceed half a Foot 
depth ;) and be ſure, the upper un-immerſed Part of the Stone be not ac- 
cidentally wetted by the Hand, or otherwiſe; and fo let it remain a Day, 
or half a Day, or leſs, If it be a good firm Stone, it will not draw (as they 


ſpeak) 
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ſpeak) Water more than half an Inch above the Level of the Water, and that 
perhaps but at the Edges only, the Parts of which might be ſomewhat 
looſened in the Hewing. But a bad Stone will draw Water up to the very 


top, be the Stone as long as 1t will, all over. 0 

th for the Charge of covering Houſes with Slate, they may be thus com- 
Uted. | | | | 

: 1000 of Efford Small Blue at the Ship's ſide in Plymouth Harbour = p 
1000 of Efford Large Blue — Mee OO TM 
1000 of Can Pelmel 2 i e 5 8 
1000 of Sal Blue of other Quarries . 5 
10co of Large Blu —— ——— . 0 


3000 of Small Blue, accompted two Tuns in Carriage by Water. 
1000 of Large Blue, 1 Tun. 
000 of Small oy ag LANE of Work at the 5 Pin Plain. 
Every Pole of Work 1s either 6 Foot broad and 14 up, on 
160 Foot in Length, and one in Breadth. * n 
| 2000 of Large, will cover two Poles of Plain Work. 
Hewing of all ſorts of plain Pelmel per 1000 — [ 8 
Pinning per 1000, 8 d. Pins per 1000, 8 d. — 1 4 
Three Buſhels (Winche/ter Meaſure) of good Lime, will take 6 Buſhels of 
freſh Water Sand, and ſerve to lay on one Pole of Work; tho much 
| leſs may ſerve the Turn. 
300 of Lathes to every Pole of Work. 
1000 of Lathe Nails to every 300 of Lathes. 
po 2 one Pole of Work | 
ay on 2000 
An Able Workman may H 4 1500 5 * of Slate by the Day. 
Pin 4000 33 
Chequer-work conſiſts in Angles, Circles, and Semicircles, Fc. which re- 
uire no common Skill and Time in hewing and laying. 5 | 
It is worthy Obſervation, That, if a ſide Wall happen to take Wet by the 
beating of the Weather, or the like, when nothing elſe will cure it, our 
Kerſeying with Slate (which is much uſed in the curious Fronts of Houſes 
eſpecially in Towns) will quickly remedy it. | 
We have ſome ſorts, which by the Conjectures of the more experienced 
Helliers, (or Coverers with Slate) have continued on Houſes ſeveral Hun- 


dreds of Years, and yet as firm as when firſt put up. 


——— — 


HI. The Cu/tom of Felling Timber here in the South of England, differs fi bell Tone of: 
that of Staffordſhire in the Time of Felling, and Manner of 1 It is Tal tag bd 
led here in the Spring, as ſoon as the Sap is found to be fully up, by the Trees * 14 Rob. 

utting out, and then Barked after the Trees are proſtrate, the Sap yet remain- 478. Jan. at 
ing in the Bodies of them: Whereas there it is firſt Bart d, (in the Spring as 18 
bere) but before it is Felled, the Trees yet living and ſtanding all the Summer, 


and not Felled till the following Winter, when the Sap is fully in Repoſe. 


(590) | 
In the Spring Seaſon, and ſome time after, all Trees are pregnant and ſpend 
themſelves (as Animals do in their reſpective Offsprings) in the Production 
of Leaves and Fruits, and ſo become weaker than at other times in the Year ; 
their Cavities and Pores being then. turgid with Juices, or Sap, which (the 
Trees being felled at that time) ſtill remain in the Pores, having no manner 
of Means of being otherwiſe ſpent, and there putrifſy; not only leaving the 
Tree full of thoſe Cavities which render the Timber weak; but, 24ty, breed- 
ing a Worm, as both Pliny and Mr. Evelyn teſtify, that will ſo exceedingly 
prejudice it, that it becomes altogether unfit for ſtrong Incumbencies, or 
other robuſt Uſes. 3dly, All Timber fell'd at this Time of the Year, whe- 
ther the Juices putrify, or otherwiſe ſweat forth, or dry away, 1s not only 
ſubject to rift and gape, but will ſhrink ſo conſiderably, that a Piece of ſuch 
| Timber of a Foot ſquare will uſually ſhrink in the Breadth 4. of an Inch; 
than which, ſays Yegetius, nothing is more pernicious, if us'd for the Buil- 
ding of Ships. To which, 4hly, the firſt and greateſt Roman Emperor, Ju- 
lius Ceſar, adds, that tho Ships may be made of ſuch moiſt Timber, felled 
in the Spring, yet they will certainly be Sluggs, not near ſo good Sailers as 
Ships made of Timber felled later in the Year. e 
In all which Circumſtances, I find, moſt of the Antients ſo very well agree, 
that none of them adviſe the felling of Timber, for any ſort of Uſe, before 
Antumn, at ſooneſt; others, not till the Trees have born their Fruit; which, 
ſays Theophraſtus, muſt always be proportionably later, as their Fruits are ripe 
later in the Year. A third fort, not till Mid-winter; not till November, ſays 
Palladius, nay, not till the Winter Solſtice, ſays the wiſe Cato; and then too in 
the Decreaſe or Yane of the Moon, between the 151 and 23d Day of her 
Age, ſays Vegetius, or rather, according to Columella, between the 20th and 
the New-Moon. In general, ſays Theophraſtus, the Oak mult be fell'd very late 
in the Winter, not till December, as the Emperor Conſtantine Pogonatus poſi- 
tively aſſerts, the Moon too being then under the Earth, as tis for the moſt 
. part in the Day-time in the firſt Part of its Decreaſe. And the felling of 
Oak within thoſe Limits they call Tempeſtiva Cæſura, Felling Timber in Sea- 
| ſon, which they all unanimouſly pronounce (if thus felled) will neither 
ſhrink, warp, nor cleave, nor admit of Decay, in many Years ; it bein 
tough as Horn, and the whole Tree in a manner (as Theophraſtus aſſerts) as 
hard and firm as the Heart; with whom alſo agrees our Countryman Mr. 
Evelyn; if you fell not Oak (ſays he) till the Sap is in Repoſe, as *tis com- 
monly about November and December, after the Froſt has well nipped them, 
the very Saplings thus cut will continue without Decay, as long as the Heart 
of the Tree. * 1 
And the Reaſon of this is given in ſhort by Vitruvius, quia Aeris Hy berni 
vis comprimit & conſolidat Arbores, becauſe the Winter Air doth cloſe the Pores, 
and ſo conſequently conſolidates all Trees, by which means, the Oak, (as 
he and Pliny both expreſs it) will acquire a ſort of Eternity in its Duration; 
and much more will it ſo, if it be Bark*din the Spring, and left ſtanding all 
the Summer, expoſed to the Sun and Wind, as is uſual in Stafordſbire, and the 
adjacent Counti ies; whereby they find, by long Experience, the Trunks of 
— Sh their 
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their Trees ſo dried and harden'd, that the ſappy Part, in a manner, be- 
comes as firm and durable as the Heart itſelf. N 

Which way of Barking and Felling of Timber, tho it were unknown to the 
Ancients (as perhaps it is to all the World beſides theſe few Counties) yet 
they ſeem not unacquaintcd with the Rationality of the Practice. The great 
Vitruvius prefers the Timber on the South-/ide the Appenine (where it winds a- 
bout, and incloſes Tuſcany and Campania, and ſtrongly reflects the conſtant 


Heat of the Sun upon it, as it were from a Concave) incomparably before 


that which „ upon the Northſide of the ſame Hill, in the ſhady moiſt 
Grounds : Of which his Opinion he renders us this Reaſon, for that the Sun 
does not only lickup the ſuperfluous Moiſture of the Earth, whence the Trees 
are ſupplied in ſuch ſhady Places with too great a Quantity, but in great 
meaſure exhales the remaining Juices (after the Production of Leaves and 
Fruits) out of the Trees themſelves, rendring the Timber of them the more 
cloſe, ſubſtantial and durable ; which certainly 1t would do alſo much more 
effectually, if the Bark were taken off in the Spring of the Year, as is accuſ- 
tomed in Staffordſhire, where the People are content to uſe this Method in 
their Proviſion of Timber, tho but for private Uſes. 355 

Much rather then ſhould it be done in ſo publick a Concern as the Build- 


ing of Ships, where rough and ſolid Timber is much more neceſſary than in 


ordinary Buildings. There is indeed an Ad of Parliament, 1 Jac. I. Chap. 22. 
which forbids the Felling of Timber for ordinary Uſes (in conſideration of the 
Tan) at any other time but between the 1ſt of April and the laſt of June, 
when the Sap is up, and the Bark will run; made on Suppoſition, (I gueſs) 
that ſhould they have admitted Felling Timber in any other Seaſon, the Tan- 
ners would have wanted a Supply of Bart, To which I readily anſwer, that 


I fear the Legiſlators that preſſed the making that Act, were ignorant that the 


Bark might be taken off in the Spring, and that the Tree would notwith- 
ſtanding live and flouriſh till the Winter following, as I have ſeen many in 


Staffordſhire : So that tho the Tree be not FelPd till the Winter Solſtice, or 


January following, yet the Tanner is not at all defeated of his Tan, but has it 


here in as due Seaſon, as in any of the Southern Counties. The Legi/lators, 


I fay, were ignorant of this, otherwiſe they would never have made an Act 
| ſo pernicious to the whole Kingdom, as Felling Timber at this Seaſon is, for 
the ſakeofa few Tanners. | | 

But notwithſtanding this Ignorance, yet then they were ſo wiſe as to except 
in that Act the Timber to be uſed in building of Ships, which may be 
Felbd in Winter, or any other time; as J am told all the ancient Timber re- 
maining in the Royal Sovereign was, it being {till ſo hard, that *tis no eaſiy 
matter to drive a Nail into it. 9 


- 


Tis true indeed, that the barking and peeling the Trees ſtanding is ſomewhat 


more troubleſome, and therefore ſomewhat more chargeable, than when the 
are proſtrate z and that *tis likely, People therefore have uſually felbd their 


Timber, as well for Shipping as other uſes, in the Spring of the Year, for the 
| fake of the more eaſy and cheap Barking it only, rather than any thing elle. 


Tis too true, that Timber is harder to Fell in the Winter, it being now fo com- 
| 2 | = | | | pact 
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pa& and firm, that the Ax will not make ſo great Impreſſion as it doth in 
the Spring, which will alſo increaſe the Price of the Felling ſome ſmall Mat- 
ter and its Sawing afterwards ; but how inconſiderable theſe things are in 
compariſon of the great Good of this manner of Felling, I think is ſelf-evi- 
dent. | | | 
The greateſt Objection, that I can foreſee will be urged here in the South 
againſt this Practice, is, that if the Timber be not fell'd till Mid-winter, or Ja- 
mary, Where it grows in Copſes and F/oods, they cannot perhaps incloſe their 
young Sprigs ſo ſoon as ſome may imagine needful, and therefore will be 
| backward to fell their Timber (ſo growing) at that Seaſon. To which I 
anſwer, That the Timber ſo fell'd in Wood or Copſes may be eaſily carried 
off before the ſecond Spring, and ſo the Prejudice ſmall, and the firſt it muſt 
be there, wherever it is fell'd. But Secondly, That which will quite remove 
this inconſiderable Difficulty, is, that perhaps it may be expedient that no 
Timber whatſoever growing in Woods or Copſes, beat all bought in the King's 
Yards, for that Timber growing in ſuch ſhady Places, and ſo fenced from the 
Sun and Wind, as Timber in Woods for the moſt part is, cannot be fo good as 
that which comes from an expoſed Situation, ſuch as it uſually has in Foreſts, 
Parks, Hedge-rows, and open Fields; where too it is indifferent at leaſt, if not 
better for the Proprietor, that it be felPd in Winter, (when the Graſs and 
Corn is gone) than in the Spring it ſelf : and the Officers deſigned for that 
purpoſe may buy all their Timber under ſuch Conditions as to be fell'd in 
Winter, enjoining the Proprietor to take off the Bark in the Spring in due 
Time, making him ſome ſmall Allowance for the Trouble he will have in 
peeling it ſtanding. 


The Difference of IV. It is the common Opinion, That Timber which is fell'd in Winter, is 
Timber an diffe- ſtronger and more laſting, as being more cloſe and firm than that which 
ua ear is felPd in Summer: But, M. Leuwenboek's Sentiment is, that there is no Dif- 
differemSeaſons; ference, except in the Bark, and outermoſt Ring of the Wood, which in the 
3 Summer are ſofter, and ſo more eaſily pierced by the Vorm; Wood conſiſting 
213.7. 224-Sep. of hollow Pipes, which in the Summer and Winter both, are full of Moiſture, 
an. 199+ they do not ſhrink in the /inter, and therefore the Wood cannot be cloſer at 
one time than another, for otherwiſe it would be full of Cracks and Clefts. 
'The ſudden and unexpected rotting of ſome Timber, he conceives to proceed 
from ſome inward Decay in the Tree before it was felPd ; having obſerved 
all Trees to begin to decay at firſt in the Midſt, or Heart of the Tree, 
cho poſſibly the Tree may ſtand and grow for near an Hundred Years after- 

wards, and increaſe in Bigneſs all along. 


2. He ſays, he was once of Opinion, that Trees growing in good Ground, 

but increaſing lowly, were the beſt and ſtrongeſt Timber; and that thoſe 

Trees, which in few Years grew large were the ſofteſt and brittleſt ; the 

- contrary to which, upon Enquiry of experienced Workmen, he found to 

be true, and inſtances of an Elm of 80 Years Growth, which was 11 Foot 
in Circumference, and proved excellent tough 1 1nber. 


3 


TW 
3. The Age of Trees is to be known by the Number of Rings to be ſeen © 
when the Tree 1s cut athwart, in each of which Rings is one Circle of large 
open Pipes; now the fewer of theſe large Pipes the ſtronger the Timber is : 
wherefore by Conſequence theſe Trees that make the largeſt Growth in a Year, 
mult be the cloſer and ſtronger, and therefore thoſe Trees that grow in warm 
Countries grow faſteſt, and are the beſt and tougheſt Timber; which he 
confirms by Kiga and Dantzick Oak, which is of flow Growth, and proves 
ſpongy and brittle Timber, whereas the contrary is obſervable in Exgliſb and 
French Oak, which grows faſter, and is excellent Timber. | | 
V. 1. This Famous Roman Bridge at Pont St. Eſprit, is very crooked, bow- 7b Bridge at 
ing in many Places, and making ſeveral unequal Angles, eſpecially in thoſe Fran? br. 
Places where the Torrent runs ſtrongeſt, as where the Turret ſtands, 4. In Tankred Ro- 
which Place the Angle is moſt unequal, and the greateſt ; the Arcbes are very > es 88 
wide, and have their Feet ſecured by two Pedeſtals that encompaſs them. Fg. 215. 
Both theſe Pedeſtals have their ſeveral Degrees or Ranks of Fettings out, like 
ſo many Rows of Stairs or Steps, the lowermoſt Order puſhing out moſt, 
the others being leſs, and going gradually more in; the ſecond or uppermoſt 
Pedeſtal is much leſs than the firſt or lowermoſt, being built a little within 
its Lines of Circumference ; 1, 2. Between the great Aches there are Windows, 
or, (as it were) ſmall Arches; 3. that come down to the very Plane of the 
ſecond, or uppermoſt Pedeſtal, dividing the Feet of the great Arches. From 
this my rude Deſcription it appears to me, that the Romans have here con- 
trived all poſſible ways to break gradually the mighty Force of the Rhoſae, 
and to render its Paſſage eaſy, and inoffenſive to the Feet of the great Arches; 
for here we ſee ſo many ſeveral Paliſadoes and Sluices, as may be ſufficient to 
defend this wonderful Fabrick againſt all Storms of the Torrent ; the ſeveral 
Ranks of Stairs jetting from the Pedeſtals (for the moſt part Triangularly 
built, and faced well with Free-ſtone) oppoſing and breaking the Stream ſe- 
verally, I mean, not all together, or at the ſame time, by reaſon of their vari- 
ous Inequalities in ſtanding out: In cafe the Flood ſhould ſwell fo high (as 
it frequently does) as to cover both the Pedeſtals, then the ſmall Arches, di- 
viding the Feet of the great ones, help to convey the Water thro', which 
otherwiſe might endanger the great Arches. 5 
2. That which ſeems the Foot of the Arch is an Horizontal Arch gradually , D., Liter. 
contracted, every Stone being of vaſt Length and Wedge-like, laid level #2: 715. 
with the Water. This I ſpeak by Memory. "= Eo. 
3. The ſtately Modern Bridge at Avignon hath yielded in many Places to Gen 
the exteme Rapidity and Violence of the Rhoſze. Its Fall, in my Opinion, may one 
be aſcribed to three Defects. Firſt, It was not ſo multangular, as that at 8 
St. Eſprit: Secondly, it wanted in three or four Places, the little Arches di- Kobinſen. 
viding the Feet of the great ones, and in thoſe Parts it hath ſuffered moſt ; for * 3.71. 
where thoſe uſeful Sluices are, there I obſerved the Bridge to ſtand till the 
moſt intire. Thirdly, The Pedeſtals (or as you very properly call them Hori- 
zontal Arches) were not ſo Geometrically and exactly laid, as thoſe of Pont &.. 
Eſprit ; their Jettings out were few, and they not gradually contracted; ſo 
that the Force of the Stream mult be greater upon the Fabrick. 


Vol, I. 5 Gg g ©: "a 


% 


( 594 ) _ 
Tho the Tiber be not ſo ſwift as the Rhoſue, yet it is ſubject to greater 
Inundations, as many Inſcriptions aſſure us. No River ever had ſo many 
Bridges built with that Magnificence and Art, as this; and tho they were 
more pompous and rich in rare Stones, in Sculpture, &c. than that I for- 
merly ſent you a Draught of from Montpelier ; yet they had the like Proviſion. 
for their Security and Preſervation, and their Deſign was much the ſame ; 
which may be feen at Rome this very Day at the old Pons Milvius (now Ponte 
Nolle) near the Via Flaminia, in the Marble Remains of the Pons Aimilius, - 
_ _ repaired with rich Materials by Antoninus Pius, on the Side of the Rita, or 

Traſtavere, near the Root of the Aventine Hill, where firſt the Pons Sublicius 
ſtood; as alſo in the Pons Fabricius and the Ceſtius, that leads over to the 
Inſula Tiberina; in all which there are ſtill very fair Marks of the old Roman 
Structure and Deſign; and if that prodigious City had not been knocked ſo 
oft to pieces by Barbarous Sachers, we might have had ſtill as clear Proofs 
from the other Bridges. viz. the Pons Triumphalis, the Senacotius, &c. But. 
Gothiſh and Northern Torrents broke all before them. 


A Bridge with. VI. A nber Bridge may be built 70 Foot long, or ſomewhat more, with- 


dict any Pillar 


e > Sow out any Pillar under it, which may be uſeful in ſome Places. where Pillars 


The Journal of Cannot be conveniently built, after this manner; AC, and BO are Beams 
the Phil. Societ | 2 | 
1 28 Foot long, and AB is 32 Foot long. Under the Angles are ſet two large 


1 Braces EL, and SR. At each End is a Wall, on which are laid two Beams 
Hg. a6 BH, and AD, each 20 Foot long; under theſe two are two Braces DE, and 
RH. There may alſo be Braces at the End of the Arches, that may lie 
obliquely croſs the Bridge. It may be laid with Planks and Railed. Behind 
the Walls are Cauſeys FD, and AN. The Length of the Bridge CMO, is 
70 Foot; the Height KM 1s 19 Foo. 
As Aguecuft VIE. 1. The Agueduct which is to be made near Maintenon, for the carry- 


u. 1 l. f. 1818. ing the River Bure to Verſailles, will have in Length 7000 Fathom ; 462 
May, An. 1615. Whereof will be 35 Fathom and 4 Foot high, the reſt will be lower, accord- 
ing to the Difference of the Ground, but no leſs than 5 Foot and 6 Inches 
high. There will be to the ſaid Agueduct 86 1 Arches, which, where they are 

higheſt, will have 12 Fathom in Breadth, and 8 Fathom in Thickneſs, di- 
miniſhing to 14 Foot at the Top. The other Arches will be leſſer in Breadth, 
as well as Thickneſs, according to the Nature of the Ground. The faid 
Aquedu#t will have 15 Inches Fall to every Thouſand Fathom in Length; ſo 
that for the 7000 Fathom, there will be 8 Foot 8 Inches Fall. The River 
is to paſs by Maintenon, le Parc Eſpernon, Gageran, Rambouillet, les Eſſars, le 
Perrey, Cognieres, and from thence to Verſailles. There are 14000 Soldiers 
that work there, under the Command of the Marqueſs d'Uxelles, with three 

| Commiſſaries of War for their Conduct. 5 

176. . 1206. 2. A Magazine for the Waters upon the Mountain Manthoron, is already 
cut, which will have 2200 Perches of Surface (each Perch being 8 French 
Foot) and 12 Foot in Depth. In another Place, much lower, will be ano- 
ther Magazine, to receive the Waters of many Pools, the moſt part of which, 


as. 
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as yet have no Water in them. In the Valley of Buc will be an Aquedu?, 
the Middle whereof will be raiſed 22 Fathom high, for conveying the 
Pools of Sarle, which, it's ſaid, contain much Water, tho there be nothing 
but Rain to fill them. This Aquedu# is 300 Fathom long, and paſſes thro? 
two Mountains which have been cut thro' upon that Account. The 
Valley alſo on both ſides of the Aquedu# is raiſed 11 Fathom high, to make 


Paſſages. 


An Aquedu# is alſo making near the Tower of Stone, where the Mills raiſe 


the Water, which will now paſs without Force to the Top of the Moun- 
tain 3 and there be part of it diſtributed into ſeveral great Ciſterns, which 
are making about Marli for that Place. | 

The Elevation of the Aqueduf? of Maintenon is now ſet forth at but 2560 


Fathom ; whereas it was deſigned to be carried on more than 8000 Fa- 


thom, and the Remainder will be made of Earth, which muſt be broughr 
thither : This Opinion prevails, in regard it gives a quicker Diſpatch, tho 
it may be doubted, it will not be for the better. 5 
Theſe 2560 Fathoms contain 242 Arcades, whoſe Aperture is 6 Fathom and 
2, and the Face of each Pillar ſuſtaining the Arches, 4 Fathom ; there will be 


then on the ſide of Maintenon 33 Single Arches, afterwards 1 Double ones; 
(as having one Arch upon another) then 46 Treble ones; which will general- 


ly be 216 Foot 6 Inches high, (viz. up to the Floor of the Channel) after- 


wards 72 Double ones; then 20 Single, which will reach to the Mount of 


Earth, that is to be 30 Foot high. 
From the Ground up to the Second Arcade, are 16 Fathom ; from the Second 


to the Third, or upper Arcade, are 14 Fathom, (which Arcades are Double 
in Number to thoſe they ſtand upon) and 6 Fathom 6 Inches more, to 
the Floor of the CHannel, which will at leaſt be 7 Foot high, beſides the 


Par apet. 


The Pillars by the Ground are 8 Fathom thick; but, what with the Slopes 


and Shortnings, which are made in every Story, the Top, where the Channel 

goes, will be but 20 Foot broad. There will likewiſe be at each Pillar a 

Buttreſs jetting out one Fathom, and two Fathom wide. 
The intelligent Obſerver, tho well skill'd in things of this Nature, as 


being no Stranger to the Miilings of the Antients, or the famous Ruins and 
Remainders of their Fabricks in Italy, and other Places, profeſſes himſelf fur- 


priz'd with the Greatneſs of this Undertaking at Verſailles, and Maintenon ; 
for the Magnificence of the Deſign, the Number of Labourers, the Excel- 
ſiveneſs of the Expence, and the admirable Beauty of the Work. 


VIII. Having been lately at Edgecol in Northamptonſbire, at the Houſe of 
Chimneys, vaſtly large, of Stone-Work : Which I took the more Notice of, be- 
- without the Advantage of a Diſcharge of Timber (which is uſual, in ſuch 


' Caſes, to defend the Arch-Hork from being overburden'd) an .7-c of maſſy 
Stone (in each of them) ſuſtains itſelf at a great Length, tho almoſt upon 


EET E = a Flat 


Avery large 
F | : . . . Stone Chimney, 
Tobias Chancy Eſq; he ſhewed me in an Antient Kitchen (now diſuſed) two with + peculiar 
ſort of Arch- 
| 8 - Work; by Dr. 
cauſe of a peculiar Way of Arch-Work in the Front of them; whereby, J. Wallis, u. 
186. p. $00. 
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a Flat, being very little rais'd in the middle. Over this Arch (after ſome 
walling interpoſed) there is another Arch (to defend the former) more raiſed 


from the Flat. The Dimenſions of all, I have thought fit here to ſub- 
Join. TOY | 


AB, The Breadth between the Fambs, from Inſide to Inſide, 18 Foot. 

C D, The Depth of the Stones in the Lower. Arch, 22 Inches; locked 
one into another, with a crooked Joint. | * 

D E, The Diftance in Walling, between the Arches, 2 Foot and 7 Inches. 

E F, The Depth of the Stones for the Upper Arch, 15 Inches: With a 
ſtreight Joint. BUELL : 

G H, The Place of two vaſt Tunnels of Stone. 

K, a Window between them. 


A new Kind f IX. M. Weigbelius hath lately invented an odd Bridge, or kind of Stairs, 
N n. by which a Man ſhall deſcend, and yet really be raiſed upward; and going 
94. l. 2212: as twere upon a Plain ſhall from a lower, by gently ſubliding, arrive to an 
upper Story. ee BRA, | FE 


Preſerving of X. In the Indian Seas, there is a kind of ſmall Worms that faſten themſelves 

Ships from ren to the Timber of the Ships, and ſo pierce them that they take Water every 

bp. . n. 1. Where; or if they do not altogether pierce them thro', they ſo weaken the 

2190-5 Wood, that it is almoſt impoſſible to repair them. Some have employed Deal, 

Hair and Lime, &c. and therewith Lined their Ships; but beſides that, this 

does not altogether affright the Worms, it retards much the Ship's Courſe. 

The Portugals ſcorch their Ships, in ſo much that in the Quick Works there is 

made a Coaly Cruſt of about an Inch thick. But as this is dangerous, it 

happening not ſeldom that the whole Veſſel is burnt ; ſo the Reaſon why the 

Worms eat not thro' Portugal Ships, is conceived to be the exceeding Hard- 

neſs of the Timber employed by them. There is in Holland a Man that pretends 

to have found an admirable Secret to remedy this Evil. And a very worthy 

| Perſon in London ſuggeſts the Pitch, drawn out of Sea-Coajs, for a good 
Remedy to ſcare away thoſe noiſome 1n/e/7s. 


An Account of XI. Some few Years ſince, Sir Phil. Howard and Major Walſor, with great 
N Charge and Induſtry found out a new Way, by a Manufacture of our own, 
n, 100. p-6192+ to preſerve the Hulls of Ships from the Worms, Sc. which is much ſmoother 
Jan. An. 1674 and conſequently better for Sailing, and more cheap and durable than the 
| Way of Boards, Pitch, Tar, Roſin, Brimſtone, or any Sheathing or Graving hi- 
therto uſed. The King and Parliament being ſatisfied, upon Examination, 
of the great Benefit that might redound thereby to his Majeſty and Subjects 
in general, for the Inventors Encouragement to make the ſame publick, were 
pleaſed, almoſt 4 Years ſince, to grant them an A# of Parliament for the 
ſole Uſe of this their Invention, with Penalty and Prohibition to all others. 


In Proſecution whereof, Experiments have been made upon ſeveral of his 
1 8 N Majeſty's 
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Majeſty's Ships, viz. the Phenix, done three Years ago, has made two Voy- 
ages into the Streigbis, &c. and when ſhe was lately taken into the Dock at 
Woolwich to be repaired, upon View of the Maſter Shipwright and others, her 
Sheathing was found to be in as good Condition, as at the firſt doing ; and 
the Ship ſo tight during the whole time, that they were forced to heave in 
Water to keep her ſweet. The Dreadnought, a Third Rate, done in June, 
1671; the Henrietta, Lyon, and Mary, all three of the Third Rate, and done 
a Year and halt ſince, being lately laid on Ground at Sheerneſ and Portſmouth, 
are found to be all in as good Conditton, and the Sheathing to continue as 
firm and as well as at the firſt doing; as the Maſter-Builder and Aſſiſtant at 
Portſmouth, and others, have certified, | 

The Bread Rooms allo of ſome of theſe, and many others of his Majeſty's 
| Ships, have been lined within, almoſt in the ſame manner the Sheathing is 
without; which has prov'd a great Preſervation of the Bread, as ſeveral of 
the Purſers and Officers of the ſaid Ships have certified; and by Reaſon of 
itę Duration muſt be much cheaper and better than Tin, which is ſo liable to 
ruſt, or any Way yet uſed. 1 

Alſo the Lead itſelf (which is the principal thing uſed herein) they make ſo 
cloſe preſſed, ſmooth, and equal, or of what Thickneſs or Thinneſs de- 
ſired, that great Uſe may be made thereof about ſeveral other things relating 
to Shipping. | | WY 


XII. A Paper of leſs General Uſe Omitted, viz. 


Directions for Inquiries concerning Sores and other Materials for the Uſe n. 53. b. 60 10. 


- oo Building. 


XIII. Accounts of Books Omitted, | 
1. Vitruvius done into Engliſh, by Mr. Chr. Waſe, < 6. 
Les dix Livres d' Architecture de Vitruve, corrigez, & traduits nouvellement w 212+ f. 279+ 
en Francois, avec des Notes & des Figures; par Claude Perrault. Paris 1637. 
in Fold. Þ N mw 
2. Cours d' ArchiteFure, enſeigne dans P Academy Royale d' Architecture, u. 112. 5. 549- 
premiere Partie; par M. Francois Blondel, a Paris, 1675, in Fol. . 
3. Rapbaelis Fabrett; Urbinatis de Aquis & Aquæductibus Veteris Rome, s. P. 466: 
Diſſertationes tres. Rome 1680. in 4/0. ; * 
4. Modern Fortification, Sc. by Sir Jonas Moor, 1673. in 8 o. 
5. Novelle Maniere de Forliſier les Places; par M. Blondel. Hague, 1684. 
6. Marci Meibomii de Fabrica Triremium Liber. Amſtelodami 1671, in 4%. 7 1. 307. 


n. 158. p. 586. 


7. Scheeps-Boow en Beſtier, that is, Naval Architecture and Conduct; by N. u. 77. I. 30. 


Witſen. Amſterdam 1671 in Folio. 

8. L' Architecture Navale, avec le Routier des Indes Orientales & Occiden. . 5. J. 75. 

tiles: par le Sieur Daſſic. a Paris, 1677. in 410. | 
| | CHAP. 
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A Perſpective 
Inſtrument ; by 
Sir Chr. Wren, 


n. 45+ P. 898. 
Fig. 218. 
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CHAP. IX. 
Perſpective. Sculpture. Painting. 


I. is a ſmall Sight with a ſhort Arm B, which may be turned round 
about, and moved up and down the ſmall Cylinder C D, which 


is ſcrewed into the Piece ED, at D : This Piece ED moving 


Mar. An. 1669. round about the Center E 3 by which means the Sight may be removed 


either towards R, or F. | 

E is a Ruler faſtened on the two Rulers GG, which Rulers ſerve both to 
keep the Square Frame S S SS perpendicular, and, by their ſliding thro? 
the ſquare Holes T T, they ſerve to ſtay the Sight, either farther from, or 
nearer to the ſaid Frame; on which Frame is ſtuck on with a little Wax the 


Paper OOOO, whereon the Picture is to be drawn by the Pen I. This Pen 


T is by a ſmall Braſs Handle V ſo fix'd to the Ruler HH, that the Point TI 
may be kept very firm, ſo as always to touch the Paper. HH is a Ruler, 


that is always, by means of the ſmall Strings 2 a, h bb, moved Horizontally, 


or Parallel to itſelf ; at the End of which is ſtuck a ſmall Pin, whoſe Head 
P is the Sight, which is to be moved up and down on the Out- Lines of any 


Objeft. 


The Contrivance of the Strings is this. The two Strings aaa, b bb, are 


exactly of an equal Length. Two Ends of them are faſten'd into a ſmall 


Leaden Weight Q Q, which is moved in a Socket on the backſide of the 
Frame, and ſerves exactly to counterpoiſe the Ruler H H, being of equal 
Weight with it. The other two Ends of them are faſten'd to two ſmall 
Pins HH, after they have rolled about the ſmall Pulleys N, M M, L L, 


KK; by means of which Pulleys, if the Pen I be taken hold of, and moved 


A ntw way 

Delineating by 
Parallel Viſual 
Rays, exactly 


up and down the Paper, the Strings moving very eaſily, the Ruler will al- 
ways remain in an Horizontal Poſition. 5 

The Manner of uſing it is this: Set the Inſtrument upon a Table, and fix 
the Sight A, at what Height above the Table, and at what Diſtance from 
the Frame 8 888, you pleaſe. Then, looking thro' the Sight A, and hold- 
ing the Pen I in your Hand, move the Head of the Pin P up and down the 


Out-Lines of the Object, and the Point I will deſcribe on the Paper OO OO, 
the Shape of the Object ſo traced. . 


II. Parallelogrammum Proſopographicum eſt AB CD, Stylus Centralis H F, 
Calamus Deſignator LC, Index K A, ſive Regula oblonga, Plano Paralle- 
logrammi, ope Clavi ſtriati ex ære, ſecundum Specimen E, ad Angulos rectos 
aptata. Huic Regulæ infiguntur duæ Dioptræ P R, S V; in medio PR, 

| 1 1 pertuſum 
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ertuſum eſt foramen O; in medio SV, erigitur Filum perpendicy] .dſerving the 
le R A, in cujus medio eſt Globus quien parvus, ** ee ay Rep Samet, by 
O, Radius ad oculum (quem inter delineandum non oportet elle fixum, ſed» 96. b. code 
lIiberum & Solutum) ab Objecto protenditur. e . . a 

1. Animadvertendum, Radium per foramen O, & Globulum, protenſum, * 
ſemper fore perpendicularem Plano Parallelogrammi, ſive ejus Diametro, quæ 
ex recta Linea extenſa per Stylum deſignatorium LC, & Centrum fixum 
HF, & dictum Globulum parvum, in qua Linea ſemper verſatur iſte Glo- 
bulus, qualiſcunque fit Parrallelogrammi motus. | 

2. Not. Planum Delineatorium ſenſibile ſuper quod volutatur apex L, Sty- 
li Pictorii LC, ad amuſſim deſcribentis Imaginem ad motum Indicis K A, 
& in quod infixus eſt Stylus Centralis H F, eſſe Q Y XT; Planum vero 
mere Rationale, ſive Mathematicum, priori continuum, eſſe «4 þ y. | 

3. Not. Omnes Radios ab Objecto per Globulum & Foramen O, pro- 
tenſos ad Oculum, (in tot medii Diaphani punctis, duce Indice K A, colloca- 
tum, quot ſunt puncta in ſuperficie viſibili Objecti deſcribendi, quæ ſunt in- 
finita) ſemper fore ſibi invicem Parallelos. : | 

Objicient forſan quidam, in Objectis longe diſſitis Dioptrarum nullum 
fore uſum. W vero illud noſtrà intereſt, cum ad tollendas tantum in 
Proſopograpbia difficultates, quibus hactenus Scheineri Parallelogrammum la- 
boravit, hc noſtra Methodus comparata eſt? Sæpius enim expertus ſum 
(licet ob hoc non eſt quod ſequius de illius Inſtrumenti præſtantia ab Arti- 
fice ſtatuatur) nequaquam inter Partes Ectypi in Plano cam eſſe Symmelri- 
am, que inter Partes Prototy pi diſſiti. 


III. I here ſend you a Method of Caſting Statues in Metal, in Obedience, A 
to the Commands of the Royal Scciely; it is as follows. Firſt, I form out ot : 


anextraordinary : 
good Clay, that will endure the Fire, and not crack either in drying or Thins; by © 
burning, ſuch a Figure or Slatue as I deſire to caſt ; when this is well dry, chard Valvaſor, - 
I make, all over the Figure, little Holes of no great Depth (but both Size fis . 259+ 
and Depth proportionate to the Bigneſs of the $/2/ue) into which I let finall Jan. Ws 1627. 
Pieces of Metal, and with ſome of the ſame Clay fix them firmly in the Holes; 

the Uſe of theſe Bits of Metal, a a a a a, is to keep the Core and Mould from 
touching one another, or falling together when the Wax runs out; and that 

rhey may remain conſtantly in the ſame fixt Poſture. This done, I ſcrape 

away with ſome proper Inſtrument, as much of the Clay in thickneſs as] de- 

ſign for the Thickneſs of my Stave ; and then laying it in a Furnace, I burn 

the Core till it be red hot: (by the Core is meant always the Salus firſt made in 

Clay.) When it is cold, I rub the Core all over with that fort of Earth or Co- 

jour, which our German Potters uſe to colour the Joints of the Tiles, when 

they ſet Sv of Tiles or (Kachel-Ofens:) this Colour much reſembles Black 

Lead which is uſed to De/ign on Paper, and eaſily wipes out with Bread, but 

it is not the ſame. This Colour I mix with Water, and daub all over the 

Core, becauſe the Metal is found to run freely upon it. There are other Sub. 

ſtances proper for this Uſe, but J have always made uſe of this, eſpecially for 

thin. Slatues. This done, I lay upon the Core as much yellow Wax mix- 


ed. 
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ed with Pitch or Roſin, as will make the Thickneſs of the intended Statues 
which I form in the Wax, with all the Exactneſs poſſible. 

Here note, that the Particles of Metal mentioned to be ſet into the Core, 
to keep it a Diſtance from the Mould, muſt be ſo ſet as to fall in with the 
Surface of the Wax exactly; and that the Reaſon of mixing Pitch or Roſin 
with the Wax is, becauſe that when it is burnt out, it makes a great Smoke, 
and that Smoke adhering to the Mould, occaſions the Metal to run more free- 
ly; as I have experienced it. Next I put all over upon the Surface of this 
Statue of Wax, little Pieces of Wax, which I call the little Channels c cc c c, 
(all which muſt be contrived fo as to enter the great Channels d d d.) This 
done, I cover the Core and Wax all over with the ſame ſort of Clay, that will 
endure the Fire without cracking; and ſo I have my Concave Statue or Mould 
made. Upon this I lay the great Channels marked d d d d, both upright and 
tranſverſe, formed likewiſe in Wax, and placed according to Judgment, ſo as 
| beſt to receive the Ends of the little Channels c c cc , for the more eaſy di- 
ſtribution of the Metal. The great Channels muſt all meet at the top of the 
Statue, ſo as to come out by one Hole, as at E, where the Metal is to be pou- 
red in It is alſo neceſſary to have a CHannel or two to let out the Air as the 
Metal enters, as thoſe marked f y, and there muſt be a Hole or two left at 
the Foot, as gg, where the great Channels and waxen Statue join; and where- 
at, when the Mould is burnt, the Wax as well of the Statue as of the Chan- 
els may run out, The great Channels being thus placed, the Mould muſt 
be again laid over with the ſame ſort of Clay ; (I uſe conſtantly to bind a- 
bout the Mould with Iron Wire, and then lay on more Clay) and when this 
Mould is well dry, then I heat it red-hot ; as I did before the Core, fo now 
both together, ; | 5 


I burn the Core firſt, that there may not need ſo ſtrong a Fire to burn the 
Mould as will melt the ſmall bits of Metal: but for ſmall manageable 
Statues, of not above a Foot or two high, they may be both burnt together, 
and there is no need of the Holes g g, but the Mould may be inverted, and 
the Wax run out by the Channels ff, and E. 8 . 

The Mould being thus burnt, I ſtop with the ſame Clay the two Holes 
2g, and then I bury it in a Pit, and proceed as is uſual in Caſting of Bells 
and the like; but care muſt be taken, that the Meta! be very well in Fuſion. 
If it be a ſmall Statue, not above a Foot or two high, whoſe Mould may be 
managed in one's Hands; then I make me a Concave Statue of Wax, of the 
Thickneſs I deſire, and then place upon it all thoſe great and leſſer Chan- 
nels, asafore : Which done, I put it all together, into a liquid Subſtance 
made of Plaiſter and Tile, or Brick Duſt tempered with Water. 

If the Statue be intended very thin, then I take Copper, and when it is 
well in Fuſion, I mix with it a good quantity of Zinc, without obſerving 
any certain Proportion of Weight; the more Zinc the better the Metal runs. 
I have ſometimes for ſmall and thin Statues put in above a third part of Zinc. 

I have found by Experience, that this Mineral makes the Metal run moſt 
freely, and gives it a fair Golden Colour. 


Thie | 
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The Statue being caſt, I take off the Meuld, and cut off all the little 
Channels; all which, both great and ſmall, are filled with Metal, which 
may be kept for farther Uſe : In theſe there is much more Metal than in 
the whole Statue; for, if the Statue be very thin, there muſt be more 
and bigger Channels, and fo, the cheaper the Statue, the more weighty the 
Channels, and the more Metal remaining. ; 
To know the Quantity of Metal requiſite for any intended Work, I take 
a Lump of the ſame mixture of Wax and Pitch, with which I make the Mould 
of my Statue; and, having weighed ir, I make a Mould upon it, and caſt 
in the ſame a Lump of Meal of the ſame Size; which I weigh, and thereby 
compute the Proportion of the Weight of the Metal and Wax; and then, 
obſerving how many Pounds of Wax I uſe about the Figure and Channels, I 
can calculate to a ſmall matter how much Metall need to melt. 

Hitherto I have caſt no Statue above 9 Foot high, but I doubt not but 
I could, by the ſame Methods, caſt one of any Bigneſs deſired. 
IV. 1. Spaniſh White is made of Chalk and Allum burnt together. 


A Deſcription of 


2. I take the Lapis Armenius to be the Blue Bice ſold in the Shops, for it ln; A. 


is light and friable; formerly brought out of Armenia, now from the Silver 
Mines of Germany, called Melochites, in Higb-Duich, Bergbblaw. 


lours ; by Mr. 
Rich. Waller, 


n. 179. p. 26,30, 
Jan. An. 1686. 


3. Utramarine is made of the blueſt Lapis Lazuli, which is freeſt from Simple Blues. | 


Gold Veins, by Calcination. 

4. Smalt is made of Zaffer and Pot-Aſbes calcined together in a Glaſs 
Furnace. . | 1 115 

5. Litmaſe or Litmoſe, T ſuppoſe the Juice of a Plant. 

6. Indigo, faid by Pliny to be brought from India; a kind of Mud adher- 
ing to the Froth about Reeds, and that when tried with a Coal, the true 
burns with a purple Name, and ſmells of the Sea. Linſchoten ſays it is called 
Anil, that it grows in Cambaia, and is a Plant like Roſemary, which is ga- 
thered and dried, then wetted with fair Water, and beaten to a Mud. 

7. Indian Ink; its Uſe is known to Pliny, tho not its Compoſition ; which 
is yet undiſcovered, except it ſhould be burnt Rice, as hath been thought. 

1. Ceruſe is the Ruſt of Lead, made by a vaporous Calcination. Pliny 
writes thus of it in Cap. 34. Lib. 18. Ceruſe P/imithium is made in the Plum- 
bers Shops, of ſmall Plates of Lead laid upon a Veſſel of ſtrong Vinegar; what 
falls into the Vinegar is taken out and dried in the Sun: and in Cap. 6. Lib. 3g. 
he ſays it was made at Rome of burnt Marble Flint quenched in Vinegar. 

2. Maſticot is a kind of improper Calx or Tin. | 

3. Gutta Cambe, or Cambodia, the inſpiſſated Juice of a Plant, not well 
known; it comes from both the Indies. Some think it the Juice of Euphorbi- 
um; others Scammony or Tithymal ; others Ricinus ; others refer it to the 
greater Cataputia, Eſula, or the Flowers of the Indian Ricinus, and will have 
it coloured with Turmerick ; as Schroder, 

4. Oker, a kind of natural Earth. There are two ſorts thereof, the one 
Native, formerly brought out of Africa, now from Dacia and Hungary, and 

from many Places in England, eſpecially in the Foreſt of D:an : The other, 
a factitious Subſtance of Lead burnt and quenched in Vinegar. In Pliny's 
Time it was made of Rubrica, or Ruddle burnt. — 

Vol. I. e ee 5. Or- 


To make China 
Varniſhes; by 
Dr. Will. She- 
rard. n. 262+ b. 
$25. Mar, An. 


| Fog, the Oy 
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3. Orſiment, a fat inflammable Mineral, juſtly ranked amongſt Poifon 
for its extreme corroſive Quality, Pliny ſays, it was dug up in Syria on the 
Surface of the Earth, and that the Emperor Caligula had hopes of getting 
Cold out of it; wherefore he cauſed 14 Pounds of it to be tried, which af- 


forded him very good G vid, but in ſo ſmall a Proportion, that he loſt by 
the Trial. 


6. Umber is a native Earth. 


. Red-Lead, a Colour unknown to the Antients, made of En or 
burnt Lead, by a Reverberatory Calcination, or of Ceruſe put in a Platter over 
the Fire, which muſt be continually ſtirred. till it has acquired a Red-Lead 
Colour. Dr. Charleton de Foſ. 

8. Burnt Ocker is the common 7elicw-Okter burnt in the open Fire. 

9. Cinnabar, or Ver million. There are two forts, Native, or the Miniun 
of the Antients, which is the Mineral that yields Qzick/7 Iver : ; whereof, and 
of Sulphur, \t chiefly conſiſts ; it is found in the Mines of Iſtria. This Colour 
was amongſt the Antient Romans uſed to ſacred Purpoſes, and on Feſtivals 
Fupiter's Face was painted therewith, as likewiſe the Bodies of thoſe that 

entred in Triumph. The Factitious Cinnabar is that which we now uſe, 
and is made by a Sublimation of Mercury and Sulphur. 

10. Carmin, made of Cochineel. | 

11. Lake, thought to be an Arabick Word: It is made of Plocks dyed, or 
ſhavings of ſcarlet Cloth, or of the Cochineel Inſect, or elſe of Kermes- Berries, 
their Tincture being extracted with a Lye of Pot- Aſhes, and then precipita- 
ted with a Solution of Roch- Allom. Aer the ſame manner a Lake ma 

be made of any Plant or Flower. There is another ſort of Lake made of 
 Gum-lac, by extracting its. Tincture with Urine. 

12, Sangtis Draconis is the Gum of a Tree, which looks like dry'd Blood ; 
*tis brought out of ſeveral. Places in the Zaſt-Tngies. 


13. Engliſh Reddle, or Ruddle, is found in many Places of England ; a- 
mg the reſt, near Y/itney in Oxfordſhire. 
4. Lamp- Mack, by Pliny thus deſcribed : *Tis made of the Soot of Ro- 


fin, No Pitch burnt, Houſes being as on purpoſe for it, that keep in the 
Smoak. 


V. This way of making ſeveral China Varniſbes was farſt ſent from the 
Jeſaits in China to the great Duke of Tyſcany. 

Take of Crude Varniſh 60 Ounces, ordinary Water 60 Ounces, mix them 
well together till the Water diſappears, afterwards put this Matter into a 
wooden Veſſel 5 or 6 Palms long, and 2 or 3 broad, mix them with a 
wooden Spatula, for a whole Day in the Summer's Sun, and for two in the 
Winter, It is afterwards kept in earthen Veſſels with a Bladder over it, and 
cool. This is the Varniſh prepared in the Sun. 

Take 20 Ounces. of the Oil, called Oil of Wood, of that of the Brat 10 


Drams; give them 5 or 6 Boils, till it comes to be a little te. Let it 
cool, and put to it 5 Drams of Quichtlime powdered. 


Take Swines Blood and Quick-lime powder'd, mix them well, lay this mix- 
ture on the Wood, and, when it is 5 dry, ſmooth it with Pumice-Stones. 


Take. 
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Take of the Jarniſb prepared in the Sun, 60 Ounces, Store-black Allum, rr" black 
(ſuppoſed to be a ſort of Copperas) diſſolved in a little Water, 3 Dram; 
70 Drams of Lamp-Oil, calld by the Portigueze Azeite de Candea. It is pre- 
pared in a wooden Veſſel, as the prepared Varniſh, obſerving to put in the 
Lamp- Oil at twice. : | 

Take of the Oil of Wood crude, (called by the Poriugueze Azeite de Pao) Pitch-colou”d 
40 Drams, of the Lamp- Oil, called de Candea, Crude, 40 Drams: It is pre- — 
pared in the Sun in a wooden Veſſel, as the prepared Varniſh. | 

Take 10 Drams of Cinnabar, 20 Drams of Varniſh prepared, a little Oil Red Yarih. 
de Candea, or Lamp-Oll ; mix them well, 

Take of the 7e!low Colour 10 Drams, 30 Drams of the prepared Varniſh, Yellow Farniſß. 
with ſome Lamp. Oil. : | | 

Take of the Red Varniſh 10 Drams, of the Black Farniſh 4 Drams 3 mix Must:-colourd 
them well. 3 | | Varniſh. 


VI. M. Colbert being pleaſed ſome time ſince to viſit the Academy Royal for 4» Examen of 
f | | FX. | 5 . | Pictures fro- 

the improvement of Painting and Sculpture, expreſſed himſelf to this Effect, s; &y A. 
That he thought it proper from time-to time that the Works of the moſt ex- Colbert. n. 47, 
cellent Painters ſhould be examined, and ſuch Obſervations made thereon as 8 5 
would inform others wherein the Perfection of a Picture conſiſts. Which hath | 
been ever ſince practiſed among them, as the beſt Means to carry the Art of 
Painting to its higheſt Perfection; ſuch an Examen of the beſt Piftures diſclo- 
ſing many Secrets of that Art, for which there are no Rules, and opening a 


door to debate many important Queſtions, not hitherto treated of, 


VII. Here is a Man who makes more lively Counterfeits of Nature in Wax, Fax Wh. 7 : 
than ever I yet ſaw in Painting, having an extraordinary Addreſs in mode!- Aas in Low 
ling the Figures, and mixing the Cours and Shadows; making the Eyes fo Relievo, in 
lively, thatthey ſeem to kill, excelling all things of this Art I ever beheld. "peg Nov» 
Il have alſoſeen a new kind of Maps in Low Relie do, or Sculpture; for Ex- Au. 1665. 
ample, the Iſle of Aulibe, upon a Square about 8 Foot, made of Boards, with _ 

a Frame like a Pidture: There is repreſented the Sea, with Ships, and other 
Veſſels artificially made, with their Cannons, and other Tackle of Wood fix'd 
upon the Surface, after a new and moſt admirable manner ; the Rocks abour 
the Ifland exactly form'd, as they are upon the natural Place; and the Ifland 
itſelf with all its Inequalities, and Hills and Dales; the Town, the N 
the little Houſes, Plat- form, and Cannons mounted; and even the Gar— 
dens, and Plat- forms of Trees, with their green Leaves ſtanding upright, 
as if they were growing, in their natural Colours; in fine, Men, Beaſts, 
and whatever you may imagine to have any Protuberancy above the Level 
of the Sea. This new delightful, and molt inſtructive Form of a Map, or 
wooden Country, you are to look upon either Horizontally, or ſide-long, 
and it affords equally a very pleaſant Object. | 


"VAIL. Whether the way mentioned by Nircher in his Mundus Subterrancts To Colow Mon. 
will ſacceed or not, is much doubted by ſome experienced Men: But 'tiscer- **; Y 


n. 7. p. 125 


Hh h h 2 | _ AID, bec. Au 1655. 
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| tain, that a S/one-cutter in Oxford, Mr. Bird, hath many Years ſince found 
out a way of doing the fame thing, in effect, that is there mentioned; and 
hath praiſed it for many Years : That is, he is able fo to apply a Colour 
to the Out- ſide of poliſhed Marble, as that it ſhall fink a confiderable Depth 
| 1nto the Body of the Stone, and there reprefent like Figures or Images as 


thoſe are on the out- ſide; deeper or ſhallower, according as he continues 
the Application a longer or leſſer while. 


An Extraordi- IX. Aurifaber Stutgardianus, qui & Gemmis & Metallicis Typis Nummo- 
nary Tincture 


5ven to a Stone; Tum cudendorum inſculpendis artificioſus eſt, Nomine Chriſtophorus Mull. 
'S Dr. Salomon ler, An. 1685. Aurum Aqua Regis folutum, Oleo Tartari præcipitatum, at- 
ns __ 288 que edulcoratum, quod Aurum fulminans dicunt, dum in Scutella, quam Ma- 
turellam vocant, ex Lapide Chalcedonico coloris unici pellucidi Onychini, ſeu 
Cornei, vitro pro Fuſione præparato Rubro mixtum & Aqui Fontani Im- 
butum tereret, ad facienda Encauſta ſeu Smalla; de quibus Ant. Nerius, ver- 
tente Andrea Friſio, egit Lib. 6. Artis Vitrariæ, invenit iterato tertium eodem 
Labore, quod Color Pulveris iſtius puniceus, qui per dies aliquot ſiccatus in 
Vaſculo manſerat, quouſque inter terendum etiam ad Marginem effluxit, re- 
lictis tamen puris hinc inde Spatiis Onychini Coloris, duriſſimam hanc Genm- 
mam, quæ Limam ſpernit, ita profunde penetraverit, non tantùm in Scutella, 
ſed & ipſo Piſtello, & diſtrinxerit Maculis atque Circulis fat ordinate ductis, 
ut Color hic neque ſimplici Aqua, neque Lixivia, vel acriori alio Liquore 
potuerit deleri, & quidem ſine Polituræ elegantioris Detrimento. Talis ita- 
que Tinctura per repetitas Trituras dicti Pulveris tentata denuo aliquoties, 
in ſimilis Coloris alio Vaſculo, neque vero apparuit poſtea ut ante unquam. 
Sed hoc imprimis circa Tinctionem hujus Vaſculi obſervandum eſt, quod 
ſecundum Texturam Gemmæ, tam nudo quam armato Oculo, in tincta in- 
terna, & ſincera externa parte Vaſis, notentur Fibre ſeu ductus Circulares; 
juxta quos Bracteis Succi Lapidei Novi per Intervalla impoſitis, in ejuſmodi 
Mole excreviſſe credendum eſt; uti Bezoar aliique Lapides Laminis ſuper 
accreſcentibus augentur, & Ligna, in quorum ultimorum Trunco Circuli 
ſeu Annuli deſignant ſucci annui Numerum & Incrementa: adeo ut hic 
Purpureus ille Color Lineis pallidioribus & obſcurioribus, prout vel denſiores 
vel rariores Poras molliorem vel duriorem Texturam offendit, Circulares 
Ambitus circa Verticem aliquem, veluti circa Medullam, ſeu Cor, ut appel- 
lant, aut Granum, aut Paleam in aliis Lapidibus & Lignis, ſignaverit; inter- 
miſtis quoque hinc inde Maculis & Spatiis obſcurioribus. Veluti Illuſt. 
Boyle Specim. de Orig. & Virt. Gemmarum. Sect. 1. p. 22, 23. in Adamante 
& Granatis acies & commiſſuras tenuium Bractearum aut Planorum obſerva- 


vit; quod Granum Artifices, ſeu planam Contexturam non diſſi milem Fiſ- 
ſilitati Ligni, vocant. | 


Jam vero Tingi poſſe quoque Marmora & Alabaſtra & Ofſa per Lixiviatos 
& acres Succos, hinc inde ſcriptum eſt: quod fortaſſis de Gemmis ſperandum 
eſt, quando Rob. Boyle, cit. Sect. 2. p. 123. ex its Tincturam manifeſtam 
extractam eſſe ſcribit, alibi, p. 43, & 190. per Vapores Minerales tinctos 


eſſe Cry/tallos Petroſos, atque p. 45. ipſum Sapphirum per Vapores ſubter- 
raneos. 1 One, 2 


Cum 
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Cum denique ex Obſervatione noſtra manifeſtum ſit, revera 7in#am eſſe 
Gemmam Chalcedoniam, quamvis fortuito acciderit, neque repetito Proceſſu 
ſimile quid evenerit, merebitur tamen Meditationem, an ex Aſtrorum Fluxu 
aliave abſcondita potius vi venerit, & Tentamen, an ex Mixtura Salium & 
Succorum Acrium poſſit imitando produci ejuſmodi Tinctura, & quidem ſi- 
ne Igne, ut Splendor & Pelluciditas Gemmæ non deſtruatur, Durities au- 

tem maneat, adeoque ipſa Gemme Pretioſitas non tantum ſervetur; ſed & 
per Tincturam novam creſcat. | 


X, Papers omitted. 


1. A Deſcription of Scheiner's Stereographick Parallelogram, and its Imper- n. 38. f. co2g. 
fections conſidered ; by Mr. J. St. Clare, vid. ſup. Set. II. e 
2. A Table of Simple and mix d Colours, in Latin, Greek, French, and % 179. f. 24,29. 
Engliſh : with a Specimen of each Colour perfix'd to its proper Name ; by 

Mr. Rich. Waller. ES „ 


X. Accounts of Books omitted. 


1. Entretiens ſur les Vies & ſur les Ouvrages des plus excellens Peintres, a. 2. p. tz. 

Antiens & Modernes; par M. Felibien. Os . 
2. An Idea of the Perfection of Painting: Originally written in French, n. 39. f. 784. 

by Roland Freart Sieur de Cambray ; and render'd into Englih by J. Evelin, 

Eſq; F. R. S. Lond. 1668. in 8 vo. OY n. 47. P. 984. 
3. A General Idea of the Art of Painting, and Relation of ſeven Confe- 

rences held at Paris in the Academy Royal, for the Improvement of the Ari, 

of Painting and Sculpture. „ n. $6. p. Jost. 
4. Optique de Portraiture & Peinture, contenant la Perſpective, Specula- 

tive, & Pratique Accomplie; Sc. Par Gregoire Huret, de l' Academie 

Royale de Peinture & Sculpture. A Paris, 1670. in Fol. 
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CHAP. X. 
Muſick. 


Of the Trembliug I. 1 T hath been long ſince obſerved, That if a Fiol-ſtring, or Late Hring. 


be touched with the Bow or Hand, another String on the ſame or ano- 

ther Inſtrument not far from it, (if an Uniſon to it, or an Octave, or 
the like) will at the ſame time tremble of its own Accord. But I can now 
add, That not the whole of that other String doth thus tremble, but the 
feveral Parts ſeverally, according as they are Juiſons to the whole, or the 
Parts of that String ſo ſtruck. For Inſtance, Suppoſing A C to be an 
upper Odlave to à , and therefore an Uni/on o each Haf of it, ſtopped 
at 8. If, while ay is open, A C be ſtruck; the two Halves of this o- 
ther, that is, à ©, and g y, will both tremble ; bur not the middle Point 


at gs Which will eaſily be obſerved, if a little Bit of Paper be lightly 
w rapt about the String à Y, and removed {ſucceſſively from one End of the 


String to the other. 


Fig 222. 


15 Fig. ez. 


Fig. 224. 


Tig. 2 25. 


In like manner, If A be an Upper Twelfth to à 4, and conſequently an 
Uniſon to its three Parts equally divided in g, Y ; if a , being open, A D 
be ſtruck, its three Parts @ f, 67, y , will ſeverally tremble, but not 


the Points g . In like manner, if A E be a double Oftave to at, the four 


Quarters of this will tremble when that is ſtruck, but not the Points 6, y, J. 
So if AG be a Fifth to an; and conſequently each Half of that ſtopped 
in D, an Uniſon to each third Part of this ſtopped in g; while that is 
ſtruck, each Part of this will tremble ſeverally, but not the Points &, y; and 
while this is ſtruck, each of that will tremble, bur not the Point D. The 
like will hold in leſſer Concords; but the leſs remarkably, as the Number of 
Diviſions increaſes, | | 

This was firſt of all, (as I know of) diſcovered by Mr. Jill. Noble, 
M. A. of Merton College; and by him ſhewed to ſome of our Mujicians, 
about three Years ſince; and after him by Mr. Tho. Pigot, A. B. of Wadbam 
College, without knowing that Mr. Noble had diſcover'd it before. I add this 
further, (which I took Notice of upon Occaſion of making Trial of the o- 
ther) that the ſame S ring, as a , being {truck in the midſt of © , each Part 
being Uniſon to the other, will give no clear Sound at all, but very confuſed, 


And not only ſo (which others have obſerved, that a String doth not 
ſound clear, if ſtruck in the midſt) but alſo, if à & be ſtruck at 8, or y, 
where one Part is an O#ave to the other; and in like manner, if a: be ſtruck 
at g or ©; the one Part being a double Octave to the other. And fo if a & 
be ſtruck in or ; the one Part being a th to the other; and ſo in other 


like Conſonant Diviſions 3 but ſtill the leſs remarkable, as the Number of 
| Divi- 
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Diviſions encreaſeth. This and the former I judge to depend upon one and —» 

the ſame Caule, viz, the contemporary . Vibrations of the ſeveral Uniſon». 

Parts which make the one tremble at the Motion of the other: But, when 

{truck at the reſpective Points of Diviſions, the Sound is incongruous, by 

Reaſon the Point is diſturbed, which ſhould be at reſt. 
A Lute-ſtring or Viol-ſtring will alſo thus anſwer to a Conſonant-Note in 

Wind Inſtruments : But not ſo remarkably to the Wire-trings cf an Harpſichord : 

And we feel the Wainſcot Seats, on which we fit or lean, to tremble con- 

ſtantly at certain Notes on the Organ, or other Wind Inſtruments ; as well as 

at the ſame Notes on a Baſs Viol. I have heard alſo (but cannot aver it) of 

a thin fine Venice Glaſs cracked with the ſtrong and laſting Sound of a Trum- 

pet, or Cernet, (near it) founding an Uniſon or a Cor/onant Note to that of the 

Tone or Ting of the Glaſs, OE 
Concerning theſe Phenomena, an exquiſite Solution is given by Dr. Nar- u. 135. p. 879. 


ciſſus Marſh, in Dr. Plol's Natural Hiſtory of Oxfordſhire. 


II. The Extent of the Trumpet cannot be ſtrictly determined; it reaches as The DefeFts of a 
High as the Strength of the Breath can force it: But by conſidering its Notes Trumpet, and 
within the ordinary Compals of the Scale of Myjick (from Doble C-fa-ut to 3 
C-ſol-fa in alt) the Nature of the higher Notes will plainly appear. Theſe F ran, Roberis. 
are all ſet down in the Table; only take Notice, that the Prick*d Notes are“ of oat 
imperfect, not exactly in Tune, but a little Haller or Sharper than the Pla- Od. An. 1694. 
ces where they ſtand, according asf or s is ſet over them. | 

Here we may make two Enquiries. 

I. Whence it comes to pals, that the Trumpet will perform no other Ne 
(in that Compaſs) but only thoſe in the Table, which are uſually called by 
Muſicians Trumpet-Notes.. 

2. What is the Reaſon that the 7%, 11h, 13 and 14% Notes are out of 
Tune, and the others exactly in Tune. | 

In this Matter we may receive ſome Light from the Trumpet Marine, an 
Inſtrument, tho as unlike as poſſible to the Trumpet in its Frame, one 
being a Wind Inſtrumeul, the other a Monochord, yet has a wonderful Agree— 
ment with it in its Effect. e 

The Sound is ſo like, as not to be eaſily diſtinguiſhed by the niceſt Ear, 
and, as it performs the very lame Nees, fo it has the ſame Defects as a.7rum- 
pet ;, for, if the S!rings be ſtopt in any part but ſuch as produces a Trum e- 

Note, it yields a harſh and uncouth (not a Maſical) Scuh. 

Let us therefore proceed to our firſt Inquiry, and examine what is the 
Reaſon that the Trumpet Marine will perform no other but the Te- Notes, 

It is a known Experiment of twa Uniſon Strings, that ſtriking one of them 
moves the other; which probably proceeds from hence, that the Impulſcs of 
the Air, which are made by one String, do more eaſily ſet another in Moti- 
on, which lics in a Diſpoſition to have its Vibrations Synchronous to them, 
than a Third, whoſe Motion would be croſs. 4-4 

We may improve this a little farther, by obſerving that a String will move 
not only at the Striking of an Uniſon, but an 81h or 12%, tho alter a difte- 
rent Manner. | 1 „„ 


Fig. 230. 


Ng 231. 
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If an Uniſon be ſtruck, it makes one intire Vibration in the whole String, 
and the Motion is moſt ſenſibly i in the midlt at n, for there the Vibrations 
take the greateſt Scope. 

If an 87h is ſtruck, it makes two Vibrations; and the Point mis in a 
manner Quieſcent, and the moſt ſenſible Motion at u, n. 

If a 12h be ſtruck, then it makes three Vibrations; and the greateſt Mo- 
tion at 3, m,q; and hardly to be perceived at p, p. So that in ſhort, this 


Experiment holds, when any Note is ſtruck which is an Uni/on to half the 


String, and a 127th to a third Part of it. 
In this Caſe, (the Vibrations of the equal parts of a String being ſynchro- 


nous) there is no Contrariety in the Motion to hinder each other; whereas 


it is otherwiſe, if a Note is Uniſon to S, that does not divide the String into 
equal Parts; for then the Vibrations of the Remainder 7, not ſuiting with 


thoſe of the other Parts, immediately make a Confuſion in the whole. 


Now in the Trumpet-Marine, you do not ſtop cloſe, as in other [n/iruments, 


but touch the String gently with your Thumb, whereby there is a mutual 


Concurrence of the upper and lower part of the String to produce the Sound. 
This is ſufficiently evident from that, That if any thing touches the String 


below the Stop, the Sound will be as effectually ſpoiled, as if it were laid 
upon that Part which is immediately ſtruck with the Bow. From hence 
therefore we may collect, that the Trumpet-Marine yields no Muſical Sound, 
but when the Stop makes the upper Part of the String an Aliquot of the Re- 


mainder, and conſequently of the whole : Otherwiſe, as we juſt now remarked, 
the Vibrations of the Parts will ſtop one another, and make a Sound wir. 
ble to their Motion, altogether confuſed. 

Now, that theſe Aliquot Parts are the very Stops which produce the Trum- 


Pet- Notes, ſhall be plainly ſhewn in the treating of the ſecond Inquiry, viz. 


What is the Reaſon that the 7h, 11h, 13h, 14th Notes are out of Tune; 
and the reſt exactly in Tune. 
All Writers of the Mathematical Part of Mufi ck agree, 


(Half an Eighth 
That by Fa Third Part a Fifth 
Shortning a Ca Fourth the Sound is raiſed Ca Fourth 
String a Fifth a Sharp Third 
Ca Sixth a Flat Third. 


From this Foundation all the other Notes are derived. The Flat and 


Sharp Sixth are to be the Flat and Sharp Third to the Fourth, and the 7th the 


like to the 57h: The Second to be a Fifth to the Fourth below, Sc. By 
this Rule let us examine what Notes a Monochord fretted i in its Aliquot Parts 


will produce. 


Suppoſe the Monochord F to conſiſt of 720 Parts, and its Tone Double | 


C-fa-ut, the firſt Note in the Table; 3 then Half of it will be 360, anda third 
Part 240, &c. 


Now 
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Now I ſay, Freiting, (or Stopping with the Thumb) at 360 muſt produce 
C-fa-ut, becauſe 360 being half 720, the Sound will riſe an Eighth from 
double C-fa-ut, Again 360 being C-fa-ut, 240 muſt make G-/ol-re-ut, the 


third Note in the Table; becauſe 240 _ Juſt a Third-part leſs than 
360, the Sound will riſe a Fifth from that Note. After the fame manner 


proceeding Step by Step it will be evident that, 


186) £240) ca Fourth FC-ſol-fa-ut the fourth, 
144] < 180 | a Fiftg E. la-mi fifth 
120 144] jaSixth j „ G-ſol-re-ut 6th j '& 
90] | 180 | Half | & | C-/ol-fa 3th ” 
80 you Sizc<e+=< a Third A D-la-ſol 9th >5 
72 [ | g0 | & [a Fifth | = | Ela toth J. S 
60 3] 90 a Third | Gre ut 2th] 
3 | . FO 
48 'F | 60 5 a Fifth | | Ba- b-mi 15th 2 
456 % HAR 4 (Ca 16th, 
By the ſame Reaſon, 
100 120 2 (B, fa-b-mi Flat, 
672 moe 90 5 Ff a-ul, 
8 672 8 A-la-mi-re, 
50 100 ae B-fa-b-mi Flat, 
| And conſequently, 
102 fg the 7th C Hater ) GC B-fa-b-mi Flat. 
Geek ith "ore 5 he Sharper F-fa-ut, g 
k Table, is a than 5 
554% 23th little Y Hatter Ala- mie ro, 
51 7 14tn | L Flatter | B- 'a-b-mM1 Flat, 


Which anſwers the ſecond Inquiry. 


Now to apply this (in a few words) to the Trumpet, where the Notes are 
produced only by the different Force of the Breath; it is reaſonable to ima- 
gine that the ſtrongeſt Blaſt raiſes the Sound by breaking the Air within the 
Tube into the ſhorteſt Vibrations, but that no muſicul Sound will riſe, unleſs 


they are ſuited to ſome aliquot Part, and fo by Reduplication exactly meaſure 


out the whole Length of the inſtrument, as in Fig. 229. for otherwiſe a Re- 
mainder will cauſe the ſame Inconvenience in this Caſe, as in Fig. 230. To 
| which if we add, that a Pipe, being ſnortened according to the Proportions 

ve even now diſcourſed of in a String, raiſes the Sound in the fame Degrees, 
it renders the Caſe of the Trumpet juſt the ſame with the Monocbord. 

For a Corollary to this Diſcourſe, we may obſerve that the Diſtances of the 
Trumpet Notes, aſcending continually, decreaſed in Proportion of , 1, , #, 1, 
ininfinitum, For, 8 | 
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moſt Rigour of Mathematical Exactneſs, (of ſuch 6 Tones, as what they call 


eise) e 

Second Note in the Firſt 95 THE 

Thed Third Table, differs Second by <+ Sof the String, Sc. 
Fourth, &c.Ntrom the Third. Se. 2 


III. Any String or Chord of a Muſical Inſtrument Open (or at its full lengtli) 


will ſound (what we call) an Octade (or Diapaſon) to that of the ſame 


String ſtopt in the Middle, or at half its Length. Hence it is, that we com- 
monly aſſign to an Ofave, the Duſle Proportion (or that of 2 to 1) becauſe 


ſuch is the Proportion of Lengths (taken in the ſame String) which give 


thoſe Sounds. And (upon a like Account) we aſſign to a Hifth (or Diapente) 
the Seſqui- alter Proportion (or that of 3 to 2.) And to a Fourth (or Dia- 


teſſaron) the Seſqui-tertian (or that of 4 to 3.) And to a Tone (which is the 


Difference of a Fourth and Fifth) the Seſqui-octave (or that bf 9 to 8 :) 
Becauſe Lengths (taken in the ſame String) in theſe Proportions, do give 
ſuch Sounds. 4 


And (univerſally) whatever Proportion of Lengths (taken in the ſame 


S:ring equally ſtretched) do give ſuch and ſuch Sounds; ſuch Proportions 
(of Gravity) we aſſign to the Sounds ſo given. 


bl 


— 


But, when an Eighth (or Odtave) is ſaid (in common Speech) to conſiſt of 


12 Hemi-tones, or 6 Tones; this is not to be underſtood according to the ut- 


the Diazeutick Tone, or that of la, mi, which is the Difference of a Fourib and 
Fiſth; but, as exact enough for common Uſe. For 6 ſuch Tones, (that is, 


the Proportion of 9 to 8, © times repeated) is ſomewhat more than that of 


an Oave, (or the Proportion of 2 to 1.) And conſequently, ſuch an Hemi- 
tone, is ſomewhat more than the Twelfth- part of an Eighth or Octave, or 


Diapaſon. But the Difference is ſo little, that the Ear can hardly diftinguiſh 
it: And therefore (in common Speech) it is uſual ſo to ſpeak. 


And, accordingly, when we are directed to take the Lengths (for what are 
called the 12 Hemi-tones) in Geometrical Proportion, it is to be underſtood (not 
to be ſo in the utmoſt Striftneſs, but) to be accurate enough for common 


Uſe, for placing the Frets on the Neck of a Viol, or other Muſical Inſtrument, 


wherein a greater Exactneſs is not thought neceſſary. And this is very con- 


venient, becauſe (thus) the Change of the Key (upon altering the Seat of 


ni) gives no new Trouble, for this doth indifferently ſerve any Key; and 
the Difference is ſo ſmall, as not to offend the Ear. - e 
But thoſe who chuſe to treat of it with more Exactneſs, go this way to 


Preſuppoſing the Proportion for an Odave (or Dia-paſon) to be that of 2 


to 1; they divide this into two Proportions ; not juſt equal (for that would: 


fall upon the Surd Numbers, as / 2 to 1 ;) but near equal (ſo as to be ex- 


preſſed in ſmall Numbers.) In order to which, inſtead of taking 2 to 1, they 


| Dia-teſaron.) And that of 3 to 


take (the Double of theſe Numbers) 4 to 2; (which is the fame 
Proportion as before; ) and interpoſe the Middle Number 3. And of theſe 
three Numbers, 4, 3, 2, that of 4 to 3, is the Proportion of a Fourth (or 

2, the Proportion for a. Fifth (or Dia- 


Fonte.) 
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pente.) And theſe two, put together, make up that of an Ofave (or Dia- 
paſon,) that of 4 to 2, (or 2 to 1.) And the Difference of thoſe two, that 
of a Tone, or 9 to 8. As will plainly appear in the ordinary Method of 


2 Tus 3 
multiplying and dividing Fraftions, That is, © * "= = . And 


3 2 2 


4 1 
773 


Thus in the common Scale (or Gam: ut) taking an Octave, in theſe Notes, 
la, fa, fol, la, mi, fa, ſol, la; ſuppoſe from E to e (placing mi, B. fa. bmi, 
which is called the natural Scale;) the Lengths for the Extremes la, la, an 
OFave, are as 2 to 1, or 12 to 6, Thoſe for la, la, (in la, fa, ſol, la,) or 
mi, la, (in mi, fa, ſol, la,) a Fourth, as 4 to 3, or 12 to , or 8 to 6. Thoſe 
for la, mi, (in la, fa, fol, la, mi,) or la, la, (in la, mi, fa, ſol, la,) a Fifth, as 
3 to 2, or 12 to 8, or q to 6. Thoſe for la, ni, the Diazuetick-Tone (or 
Difference of a Fourth and Fifth, ) as ꝙ to 8. So have we for theſe four Notes 
la, la, mi, la, their proportionate Length in the Numbers 12, 9, 8, 6. 

Then, if we proceed in like manner to divide a Fiftb (or Dia- pente,) la, 
fa, ſol, la, mi, or la, mi, fa, ſol, la, or the Proportion of 3 to 2, into near E- 
quals, (taking double Numbers in the ſame Proportion, 6, 4; and interpo- 
ſing the middle Number 3) of theſe three Numbers, 6, 5, 4, that of 6 to "a 
is the Proportion of a /zſer Third, (called a Tri-bemitone, or Tone and half,) 
as la, fa, (in la, mi, fa.) And that of 5 to 4, is the Proportion of the 
greater Third, (commonly called a Ditone, or two Jones,) as fa, la, (in fa, 

8 


ſol, la,) which two put together make a Fiſib, as 3 to 2; that is = x — 
Ts „ 33 4 

= 2 3 and their Difference is, as 25 to 24: That is 1 ) 2 (<2 
4 2 ICE. 5 4 24. 


So have we for theſe 3 Notes, la, fa, la, their proportionate Lengths in 
Numbers, as 6, 5, 4. 8 | 

In like manner, if we divide a Dilone, (or greater Third,) as fa, la, (in 
fa, ſol, la,) whoſe Proportion is as g to 4, (or 10 to 8,) into two near E- 
quals (by help of a middle Number 9 ;) then have we (in theſe three Num- 
bers 10, 9, 8,) that of 10 to 9g, for (what they call) the /:/er Tone : And 
that of 9 to 8, for (what they call) the greater Tone. 5 

But, whether fa, ſol, ſhall be made the Leſſer (as 10 to ,) and fol, la, the 
Greater, (as 9 to 83) or, This the Leſſer, (as 10 tog,) and that the 
Greater, (as 9 to 8,) or ſome time This, ſome time That, as there is 
occaſion, (to avoid what they call a Schiſm;) is ſomewhat indifferent. 
For, either way, the Compound will be as 3 to 4; and the Difference 


(which they call a Comma,) as 8 1 to 80, That is — X = 5 - 8 . 
8 
8 4 . 


| The Imgerfection 
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by Dr. J. Wallis. 
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ES 8 
Laſtly, if from that of che Tri- bemi. laue (or Laſar Third) la, mi, fe 
whoſe 338 is as 6 ta g we take that of the 25 la, e 
the Difference of a. Faurtb and Fifth) as 9 to 8; there remains for the 
Hemi. tone, mi, fa, (or la, fa,) that of 16 to 15. That is 2 2 

eee ee e 


15 


15 3 He 
Or, the Tri-hemi-tone (or leſſer Third) whoſe Proportion is as 6 to 3, 
may be divided into three near Equals, (by taking triple Numbers, in the 
ſame Proportion 18, 15 ; and interpoſing the two Intermediates x7, 16 3) 
which will therefore be as 18 to 17, and as r7 to 16, and as 16 to 13 . 
| - + L7 16 18 6 | | e | 
That is, —X — x — = — =- 

1 15 | "EEE | 5 
Where alſo the greater Tone, whoſe Proportion is as 9 to 8 or 18 to 16, 
is divided into its two near Equals (commonly called Hemi-tones,) that of 
10 * 


2 


Which Diviſions of the Greater and Leſſer Tone anſwer to what is wont 
to be deſigned by Flats and Sharps. | 
So that (by this Compoſition) of theſe Eight Notes, Ja, fa, fol, la, mi, 
fa, ſol, la, their Proportions ſtand thus; that of la, fa, (or mi, fa) is as 16 
to 15. That of fa, ſol, as 10 to q, and that of /o, la, as ꝙ to 8 : (or elſe 
that of fa, ſal, as ꝗ to 8, and that of ſo!, la, as 10 to g.) That of la, mi, as 
to 8. And, if either of the Tones (Greater or Leſſer) chance to be divided 
(by Flats or Sharps) into (what they call) Zemi-tones, their Proportions are to 
be ſuch as is already mentioned. = Nw, 
There may be a like Diviſion of a Fourth, (or Dia-teſſaron) into two Near 
Equals : And of ſome others of theſe, into three Near Equals. Which might 
be of uſe for (what they were wont to call) the Chromatick and Enarmonick 
Mu ſick. But, thoſe forts of My/ick having been long ſince laid afide, there 
is now no need of theſe Diviſions, as to the Mu/ick now in Ute. 


IV. Ithink*tis evident that the Pipe in the Organ is intended to expreſs 
a Diſtinct Sound at ſuch a Pizch ; that is, in ſuch a Determinate Degree of 
Gravity or Acuteneſs; or (as it is now called) FHlatneſ or Sharpneſs z And the 


July, An. 1698. Relative or Comparative Conſideration of Two (or more) ſuch Sounds or 


Degrees of Flatzeſs or Sharpneſs, is the Ground of (what we call) Concord 
and Diſcord ; that is, a ſoft, or harſh Coincidence, N x 
| ow 


(63) = 


Now concerning this, there were amongſt the Antient Greeks, Two (the 


' moſt conſiderable) Sets of Mu/icians: the Ariftoxenians, and Pythagoreans. 


They both agreed thus far; that Dia-teſſaron, and Dia-pente, do together 


make up Dia-paſon; That is (as we now ſpeak) a Fourth and Fifth do to- 
gether make an Eigbih or Ofave: And, the Difference of thoſe two, of a 


Fourth and Fifth, they agreed to call a Tone, which we now call a hole 


Nate; - 


Such is that, (in our preſent My/ick,) of la, mi, (or, as it was wont to be 
called, re, mi.) For la, fa, ſol, la, or mi, fa, ol, la, is a perfect Fourth: And 


la, fa, fol, la, mi, or la, mi, fa, ſol, la, is a perfect Fifth: The Difference of 
which is la, mi, which is what the Greeks call the Dia-zeutick-Tone ; which 
doth disjoin two Fourths (on each fide of it ;) and being added to either of 
them doth make a F; Which was, in their Mu/ick, that from Meſe to 
Parameſe ; that is in our My/ick, from A to B: Suppoſing mi to ſtand in B- 
fa-b-mi, which is accounted its Natural Poſition. | 5 

| Now in order to this, Ariſtonenus and his Followers did take that of a 


Fourth, as a known Interval, by the Judgment of the Ear; and that of a 


Fiſth likewiſe : And conſequently that of an OZave, as the Aggregate of 
both; and that of a Tone, as the Difference of thoſe Two. _ 

And this of a Toxe (as a known Interval) they took as a common Mea- 
ſure, by which they did eſtimate other Intervals : And accordingly they ac- 
cont a Fourth to contain two Jones and a Half; a Fifth to contain three 
Toxes anda Half, and conſequently an Eighth to contain fix Tones; or five 
Tones and two Half Tones, EN IA oY 5 
And at this Rate our Practical Muficians talk of Notes and Half Notes at 
this Day; ſuppoſing an O.7ave to conſiſt of Twelve Hemi- tones, or Half 
Notes. | 


But, Pythagoras and thoſe who follow him, not taking the Ear alone to be a 


Competent Judge in a Caſe fo nice, choſe to diſtinguiſh theſe, not by Equal 


Inter vals, but by Due Proportions: And this is followed by Zarline, Kepler, 


Cartes, and others, who treat of Speculative Muſick in this and the laſt Age. 


| Accordingly they accounted that of an Ofave, to be, when the Degree of 
Gravity, or Acuteneſs of the one Sound to that of the other, is Double, or as 


2 to 1; that of a Fifth, when it is Se/qai-alter, or as 3 to 23 that of a Fourth. 


when Seſqui- lertian, or as 4 to 3. Accounting that the ſweeteſt Proportion, 
vwhich is expreſs'd in the ſmalleſt Numbers, and therefore (next to the Uniſon) 


that of an Octave, 2 to 1, then that of a Fifth, 3 to 2, and then that of a 


Fourih, 4 to 3. | 5 a 
And thus that of a Fourth and Fifth do together make an Eighth ; for 


2 — 2, or the Proportion of 4 to 3, compounded 


2 
: Rn of 3 to 2, is the ſame with that of 4 to 2, or 2 to 1, And con- 


ſequently, the Difference of thoſe two, which is that of a Tone, or Full Note, 


is that 


2, we take that of 4 to 3; the Reſult is that of 9 to . 
— Now, 


of 9 to 8. For =) — ( or, if out of the Proportion of 3 to 


"A . "Ie "OT * „ our 4 N 
bs g * 1 » N . 7 : 
g * 4 s i e * * * Joo of - 11 * 11 
| : Ps 
* „ * ; =” of . 40 2 6 4 N b 4 
„ - N N a x * 
. 5 Wn 0 py + 
0 34 » 
* 
— 


* N 4 4 Gs At 
0 % _ 4 9 . 3 
WT. 9 0 Y * 7 1 Is; p * i P * hs 3 4 ” 
oO 4 * * & wo 2 So - 9 1 7 * * 18 
* * 


"> 
1 G 
. „ — + i 
9 4 7 0 
. 
. 
8 


2 4 «. +. ith en — be 
6 N 3 oh «th. * N * 
; 1 4 1 * 9 
4 4 E - * 23 _ # . Ny 


FE 


1 1 
Nou, according to this Computation, it is manifeſt, That an OZave is 

ſomewhat leſs than Six Full Notes. For (as was firſt demonſtrated by Eu- 
lid, and ſince by others) the Proportion of 9 to 8, being ſix Times com- 


| pounded, is ſomewhat more than that of 2 to 1. For 2 x2 x - AS. 


* 
- 
1 


6 1 3.8 
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This being the Caſe 3 they allowed (indiſputably) to that of the Dia- 
zeutick Tone (la, mi,) the full Proportion of 9 to 8, as a thing not to be al- 
tered ; being the Difference of the Dia-pente and Dig-teſſaron, or the T 
and Fourth. | ; I 

All the Difficulty was, How the remaining Fourth (mi, fa, ſol, la,) ſhould 
be divided into three parts, ſo as to anſwer (pretty near) the Ariſtoxenians 
Two Tones and a half: And might, all together, make up the Proportion of 4 
to 3, which is that of a Fourth or Dia-teſſaron. | | 

Many Attempts were made to this purpoſe : And according to thoſe, 
they gave Names to the Different Genera or Kinds of Muy/ick, (the Diatonick, 
Chromatick, and Enarmonick Kinds,) with the ſeveral Species, or leſſer Diſtin- 
ctions under thoſe Generals. *** | - | 

The firſt was that of Euclid (which did moſt generally obtain for many 
Ages :) Which allows to fa, ſol, and to /0!, la, the full Proportion of 9 to 8; 
And therefore to fa, ſol, la, (which we call the Greater Third) that of 81 to 


64. (For Fx = 87 And, conſequently, to that of Mi, fa, (which 


C 
that is, if out of the Proportion of 4 to 3 we take that of 81 to 64, he 

Reſult is that of 256 to 243. To this they gave the Name of Limma (agppa) 
khat is, the Remainder (to wit, over and above two Tones.) But, in com- 
mon Diſcourſe (when we do not pretend to ſpeak nicely, nor intend to be ſo 
underſtood) it is uſual to call it an Hemi-tone, or Half-Note, (as being very 
near it) and the other, Two Whole Notes, And this is what Ptolemy calls 
Diatonum Ditonum, (of the Diatonick kind with Two Full Tones.) 
Againſt this it is objected (as not the moſt convenient Diviſion) that 
the Numbers of 81 to 64, are too great for that of a Ditone, or Greater 
Third; which is not harſh to the Ear; but is rather ſweeter than that of a 
ſingle Tone, whoſe Proportion is 9 to 8. And, in that of 256 to 243, the 
1 are = much greater, Whereas there are many Proportions (as 
+, Te 5 7 in ſmaller Numbers than that of 9 to 8; of which, in 
this Diviſion, there is no Notice taken. 


u the Remainder 60 « Fourth) that of 256 to 243. por 12 7.5 


To N 


C 
To rectify this, there is another Diviſion thought more convenient; 
which is Piolemy's Dialonum Intenſum (of the Diato nick Kind, more Intenſe 
or Acute than that other) which inſtead of two Full Tones for fa, ſol, la, 
aſſigns (what we now call) a Greater and a Leſſer Tone; (which by the 
more Nice Muſicians of this and the laſt Age ſeems to be more embraced ;) 
Aſſigning to fa, ſol, that of 9 to 8, (which they call the Greater Tone ;) 
and to /o!, la, that of 10 to 9, (which they call the Leſſer Tone:) And 
therefore to fa, la, (the Ditone or Greater Third) that of 5 to 4, (For 


10 „ | 
T * 9 . . ) And conſequently oy mi, fa, (which is remaining 
f the Fourth) that of 10 „0 
of the Fourth) that of 16 to 15, For 25 ” 15 That, if out of 


that of 4 to 3 we take that of 5 to 4, there remains that of 16 to 15. 


Many other ways there are (with which I ſhall not trouble you at pre- 
ſent) of dividing the Fourth or Dia- teſſaron, or the proportion of 4 to 3, in- 


tothree Parts, anſwering to what (in a looſer way of Expreſſion) we call an 


half Note, and two whole Notes, But this of 755 2.x * is that 


1 
which is now received as the moſt proper. 


To which therefore I ſhall apply my Diſcourſe ; where 15 is (what we 


8 


call) the Hemi-Jone, or Half. Note, in ni, fa; 2 that of the greater Tone, 


in fa, ſol, and _ the leſſer Tone, in ſol, la. 


Only with this Addition; That each of thoſe Tones, is (upon Occaſion ) 
by Flats and Sharps (as we now ſpeak) divided into two Hemi-tones, or Half 

Notes: Which anſwers to what by the Greeks was called Mutatio quoad Modos 
(the Change'ot Mood; ) and what is now done by removing i to another 


Key. Namely . 1 — 1 19 18 


Thus by the help of Hals and Sharps (dividing each whole Note, be it the 
Greater or Leſſer, into two Half Notes, or what we call ſo,) the whole OFave 
is divided into Twelve parts or Intervals (contained between Thirteen Pipes) 
which are commonly called Hemi-tones or Ha!f-Notesz not that each is preciſe- 
ly Half a Note, but ſomewhat near it, and ſo called. And I ſay, by Hats and 


Sharps; for ſometime the one, ſometime the other is uſed. As for Inſtance, 


a Flat in D, ora SHarp in C, do either of them denote a Middling Sound 


(tho not preciſely in the Midſt) between C and D,; Sharper than C, and. 


Flaiter than DO. . 
7D Accor 


— 
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Accordingly, ſuppoſing mi to ſtand in B ſa-b- mi (which is accounted its 
Natural Seat * Lade each Pipe are to bear theſe Proportions to each 
other, viz. | 


B. C. 4. D. . E. F. 4. 6. 4. . . b 
mi. fa. N. ſo! .Þ. la. fa. N jel .Y. a. . ni 
JJ. 


1 
I5 15 26 19 18 15 ½ 16 19 28 17 76 
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And ſo in each OZave ſucceſſively following. And, if the Pipes in each 
OZave be fitted to Sounds in theſe Proportions of Gravity and Acuteneſs, it 
will be ſuppoſed (according to this Hypotheſis) to be perfectly proportioned. 
But, inſtead of theſe ſucceſſive Proportions of each Hemi- tone; it is found 
neceſſary (if Ido not miſtake the Practice) ſo to order the 13 Pipes (containing 
12 Intervals which they call Hemi- tones) as that their Sounds (as to Gravity 
and Acuteneſs) be in continual Proportion, (each to its next following, in 
one and the ſame Proportion ;) which all together ſhall compleat that of an 
Octave or Dia-paſon, as 2 to 1, Whereby it comes to paſs that each Pipe 
_ doth not expreſs its proper Sound, but very near it, yet ſomewhat varying 
from it; which they call Bearing; which is ſomewhat of Imperfection in 
this Noble Inſtrument, the Top of all. : 
It may be asked, Why may not the Pipes be ſo ordered, as to have their 
Sounds in juſt Proportion, as well as thus Bearing. 5 
Ianſwer, It might very well beſo, if all Mufick were Compoſed to the ſame 
Key, or (as the Greeks call it) the ſame Made; As ſor Inſtance, if, in all 
Compoſitions, mi, were always placed in B-fa-b-1mi. For then the Pipes 
myght be ordered in ſuch Proportions as I have now defigned. _ 
ut Mufical Compoſitions are made in a great Variety of Modes, or with great 
Diverſity in the Pitch. Mi is not always placed in B-fa-b-mi ; but ſometimes 
in E-la-mi, ſometimes in A-la-mi-re, &c. And (in Sum) there is none 
of thoſe 12 or 13 Pipes but may be made the Seat of mi. And, if they were 


exactly 


FCC 
exactly fitted to any one of theſe Caſes, they would be quite out of Order 
for all the reſt. | > 
As for Inſtance; If mi be removed from B-fa-b-mi, (by a Flat in B) to 
cory inſtead of the Proportions but now deſigned, they muſt be thus 
ordered, 25 


e „ 
fa. X. fl .Þ. la. K. ni. a. 1. l. . la. fa, 
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17 16 19 18 17 1 16 19 18 15 


where *tis manifeſt, that the Removal of i doth quite diſorder the whole 
Series of Proportions. And the ſame would again happen, if mi be removed 
from E to A (by another Flat in E.) And again, if removed from A to D, 
And ſo perpetually, But the Hemilones being made all equal, they do indif- 
ferently anſwer all the Poſitions of i (tho not exactly to any ;) yet nearer 
to ſome than to others. Whence it is, that the ſame Tune ſounds better at 
one Key than at another.  _ . | e 
It is asked, Whether this may not be remedy'd by interpoſing more 
Pipes; and thereby dividing a Note, not only (as now) into Half- Notes, but 
into Quarter-Notes, or Half-Quarter-Notes, &c. 8 
I anſwer ; It may be thus remedy'd in Part; (that is, the Imperfection 
might thus be ſomewhat leſs, and the Sounds ſomewhat nearer to the juſt 
Proportions:) but it can never be exactly true, ſo long as their Sounds (be 
they never ſo many) be in continual Proportion; that is, each to the next 
ſubſequent in the ſame Proportion. 


* 


For it hath been long ſince demonſtrated, that there is no ſuch thing as 

a juſt Hemitone practicable in Muſicł (and the like for the Diviſion of a Tone 
into any Number of equal Parts; three, four or more.) For, ſuppoſing 
the Proportion of a 7% or Full- Note, to be + (or, as 9 to 8) that of the 


_ Half-Note muſt be as Y 9 to V8; that is, as 3 to / 8. (or 3 to 2 . 2) 
which are Incommenſurable Quantities : And that of a Quarter-Nete, as 7 3 


to y/ 8, which is yet more Incommenſurate. And the like for any other 
Number of equal Parts; which will therefore never fall in with the Pro- 
portions of Number to Number. : 8 - | | 

So that this can never be perfectly adjuſted for all Keys (without ſomewhat 
of Bearing) by multiplying Pipes; unleſs we would for every Key, (or every 
different Seat of mi) have a different Set of Pipes, of which this or that is to 
be uſed according as (in the Compoſition) ni is ſuppoſed to ſtand in this 
or that Seat, Which vaſt Number of Pipes (for every Octave) would vattly 
| increaſe the Charge; and (when all is done) make the whole impracti- | 
cable. 
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A New Tuning of 
the Lyra-Viol 3 


C618) 
V. S. Salvetti, about 4 Years ago, invented a New Tuning of the Antient 


by S. Salveti, Lyra-Viol with the uſual 13 Strings; by means of which Tuning, it is render'd 


Ns» 87. p. 5064. 
Aug. An, 1672» 


The Hrange Ef- 
fects reported of 
Muſick in For- 
mer Times, ex- 
a mined 3 by Dr. 
Wallis, n. 24-3» 


P. 297. Aug» 
Au. 1698. 


wholly perfect, ſo that you may expreſs upon it all Concord, Diſcordi, and alſo 


the Imperpelt Concords, as ſevenths, fixths, &c. as well as upon any Virginal 


* 


that hath the Quarters of Notes upon it. Tis true, 'tis only for melan- 
choly and paſſionate Matter, and not for Diviſion, as 1s the proper Nature 
of the Lyra. I ſhall only add, that with the aboveſaid Jing, it aſcends in 
Alt as high as G-/#l-re-ut ; and deſcends as low as Double C-fa-ur ; and can 
make every where the fame Concords as above. | 


VI. 1. I take it for granted, that much of the Reports concerning the 
great Effects of My/ickin former Times, beyond what is to be found in lat- 
ter Ages, is highly Hyperbolical, and next door to Fabulous; and therefore 
great Abatements mult be allowed to the Elogies of their Mu/ick, 

2. We muſt conſider, That My/ick (to any tolerable Degree) was then (if 


not a new, at leaſt) a rare Thing, which the Ruſticks, on whom it is re- 


ported to have had ſuch Effects, had never heard before; and on ſuch, a little 
Muſick will do great Feats; as we find at this Day a Fiddle or a Bag-pipe 


at a Country Morice Dance. 4. | 
3. We are to conſider, that their Muyjick (even after it came to ſome good 
Degree of Perfection) was much more plain and ſimple than ours now-a-days. 


They had not Conſorts of two, three, four or more Parts or Voices: But one 


fingle Voice or ſingle Inſtrument a-part; which toa rude Ear, is much more 
taking than more compounded Muſick, For that is at a Pitch not above 
their Capacity; whereas this other confounds it, with a great Noiſe, but 


nothing diſtinguiſhable to their Capacity. 


4. We are to conſider, that Muſict with the Antients was of a larger Ex- 


tent than what we call Myfick now a-days : For Poetry and Dancing (or come- 


Iy Motion) were then accounted Parts of Mu/ick, when Muſic arrived to ſome 
Perfection. Now we know that Verſe of itſelf, if in good Meaſures and af- 


fectionate Language, and this ſer to a Muſical Tune, and ſung by a decent 


Voice, and accompanied but with /, Inſtrumental Muſick, if any, ſuch as not 
to drown or obſcure the emphatick Expreſſions (like what we call Recitative * 
Muſick) will work ſtrangely upon the Ear, and move all Affections ſuitable 
to the Tune and Ditiy; (whether brisk and pleaſant, or ſoft and pitiful, or 
fierce and angry, or moderate and ſedate) eſpecially if attended with a Gefture 
and Action ſuitable. For, *tis well known, that ſuitable Acting on a Stage 

gives great Life to the Words, Now all this together(which were all Ingre- 


dients in what they called Mi ſick) muſt needs operate ſtrongly on the Fan- 


cies and Affections of ordinary People, unacquainted with ſuch kind of 
Treatments. For, if the deliberate reading of a Romance (when well 
E will produce Mirth, Tears, Joy, Grief, Pity, Wrath, or Indignation, 
uitable to the reſpective Intents of it; much more would it ſo do, if accom- 
panied with all thoſe Attendants. | 

_—_— 5. You 
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5. You will ask, perhaps, why may not all this be now done, as well as 
then? I anſwer, no dqubt it may, and with like Effect, if an Addreſs be 
made in proper Words, with moving Accents in juſt Meaſures, { Poetical 
or Rhetorical) with the emphatict Words, Words ſet in ſignal Places, pronoun- 
ced with a good Voice, and a true Accent, and attended with a decent Ge- 
ſture: all tneſe ſuitably adjuſted to the Paſſion, Affection, or Temper 
of Mind, particularly deſigned to be produced, (be it Joy, Love, Grict, Pi- 
ty, Courage or Indignation) will certainly nowas well as then, produce great 
Effects upon the Mind, eſpecially upon a Surprize, and where Perſons are 
not otherwiſe pre- engaged; and if ſo managed, as that you be (or ſeem 
to be) in earneſt ; and if not over- acted by apparent Affectation. 

6. Weare to conſider, that the uſuai Deſign of what we now call Mu/ich, 
is very different from that of the Aztients, What we now call Miſick is 
but what they called Harmonic; which was but one Part of their Mu/ick, 
(conſiſting of Words, Verſe, Voice, Tune, Inſtrument, and Acting; ) and 
we are not to expect the ſame Effect of one Piece, as of the whole. | 

7. When Myjick arrived to great Perfection, it was applied to particular 
Deſigns of exciting this or that particular Aﬀection, Paſſion, or Temper of 
Mind; the Tunes and Meaſures being ſuitably adapted to ſuch Deſigns. 
But ſuch Deſigns ſeem almoſt quite neglected in our preſent Muſick. The 
chief Deſign now, in our moſt accompliſhed My/ick, being to pleaſe the Ear; 
when by a ſweet Mixture of different Parts and Voices, with Cadencies and 
Concord intermixed, a grateful Sound is produced, which only the judicious 
Muſician can diſcern and diſtinguiſh. | ES: 

8. Tis true, that even this Compound Muſick admits of different CHaracters: 
ſome are more brisk and airy; others more ſedate and grave; others more 
languid; as the different Subjects do require. But that which is moſt pro- 
per to excite particular Paſſions or Diſpeſitions, is ſuch as is more Simple, and 
Uncompounded; ſuch as a Nurſe's languid Tune, lulling her Babe to ſleep; or a 
continual Reading in an Even Tone ; or even the ſoft Murmur of a little 
Rivulet, running upon Gravel or Pebbles, inducing a quiet Repoſe of the 
Spirits: And contrariwiſe, the Briskneſs of a Fig, ona Kit or Violin, exci- 
ring to dance. Which are more operative to fuch particular Ends, than an 
Elaborate Compoſition of Full Mufick, . 

To conclude; If we aim only at pleaſing the Ear, by a ſweet Concert, 
doubt not but our Modern Compoſitions may be equal, if not exceed thoſe 
of the Aztients; amongſt whom I do not find any Footſteps of what we 
call ſeveral Parts or Voices, (as Baſe, Treble, Mean, &c. ſung in Concert) 


* anſwering each other, to complete the Muſick. But if we would have our 


Muſick ſo adjuſted, as toexcite particular Paſſions, Aﬀections, or Tempers 
of Mind, (as that of the Aulients is ſuppoſed to have done) we muſt apply 
more ſimple Ingredients, fitted to the Temper we would produce, And 
this, I doubt not, but a Judicious Compoſer may to effect, that (with the 
Help of ſuch Hyperboles,as with which the Audient Muſick is wont to be ſet off) 
eur Mu ſicꝶł may be ſaid to do as great Feats as any of theirs. eee 
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